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DESCRIPTION 

PROTEIN SUSTAINING UNDIFFERENTIATED STEM CELLS 



5 TECHNICAL FIELD 

The present Invention Is related to an agent for 
controlling life or death of a stem cell. More specifi- 
cally, it relates to a protein suppressing the process 
10 for death of a hematopoietic stem cell, and control- 
ling the mechanism for promoting the process for life. 

BACKGROUND ART 

15 Treatment of diseases by regenerative medicine 

has recently been receiving interest. However, such re- 
generative medicine is not completed so that it Is rou- 
tinely used for a number of patients having organ or 
tissue dysfunction. To date, in order to treat Such pa- 

20 tients, organ transplantation as well as assistance 
systems with, medical devices are used for only a few 
patient^ with such disorders. However, these treatments 
have problems such as donor shortage, immunological re- 
jection, infection, lifetime or the like. Particularly, 

25 donor shortage is a serious problem, and in the case of 
bone marrow transplantation. It is difficult to provide 
a llznited amount of samples to a number of patients, 
even if bone marrow banks or umbilical OOrd blood banks 
have been developed. Accordingly, demands have been In- 

30 creasing for regenerative medicine such as stem cell 
therapy and the applications thereof in order to over- 
come these problems . 
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Ab used herein, "regenerative" refers to the phe- 
nomenon where an Injured tissue or organ Is reoovered 
to Its original state, and oan Interchangeably be re- 
ferred to as pathological regeneration. The body of a 
5 living organism may lose a part of an organ or receive 
a heavy injury by trauma or diseases during the life 
thereof. In such a case« whether or not such an injured 
organ oan be regenerated depends on the type of such an 
organ (or animal species). Regenerative medicine is a 

10 medicine which attentpts to regenerate an organ (or tis^ 
sue) not capable of naturally regenerating by itself, 
and to recover the function thereof. Whether or not a 
tissue is regenerated can be determined by monitoring 
the improvement of the function thereof « A mammal has 

15 some power to regenerate a tissue or organ to some ex- 
tent (e.g. regeneration of the skin, liver and blood). 
However, organs such as the heart, lung, brain and the 
like has little regenerative power, and it has been 
considered that once such organs have been injured, 

20 they cannot regenerate by themselves. Accordingly, to 
date, there is no effective treatment except for organ 
transplantation when an organ receives such an Injury. 

It has been speculated t^at organs with high re- 
25 generative power contain stem cells. This idea has been 
demonstrated to be true by experimental bone marrow 
transplantation using animal models. Further, subse- 
quent studies have shown that such stem cells in the 
bone marrow are the source for all blood cell regenera- 
30 tion. Stem cells have been shown to be present In or- 
gans with high regenerative power such as bone marrow, 
skin and the like. Further, It has also been shown that 
stem cells exist even in the brain which has long been 
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considered to be non- regenerative. That i8« all the or- 
gans in the body have stem cells ^ and it has been shown 
that such stem cells play a role In controlling regen^ 
eration of each organ. Further, stem cells present in 
5 each tissue has more plasticity than expected, and it 
is indicated that stem cells In one organ can be used 
for regeneration of the other organ. 

There is the possibility that stem cells can be 
10 used tor regeneration of an organ which to date cannot 
be regenerated. Therefore regenerative medicine such as 
stem cell therapy is increasingly more interesting. Re- 
cently, the need for the study of regeneration in the 
medical fields has increased therefore findings on stem 
15 cells or organogenesis are increasing. For example, es- 
tablishment of embryonic stem (ES) cells having totipo- 
tency and the production of a cloned Individual from an 
adult somatic cell are gaining more and more interest. 
This is because technology regarding development and 
20 regeneration can be used for stem cell therapy. Regen- 
erative medicine using stem cells are in the process of 
clinical application in each field. There are some 
fields which have already practiced such regenerative 
m«idlCiAe. 1 

25 

The origin of regenerative medicine is the pres- 
ence of reconstructive biology. Reconstructive biology 
is originated when Wilson demonstrated that separated 
sea sponge cells processed by pipetting and remixing 
30 formed an individual In 1907 (Wilson, H. V,. J. Exp. 
Zool. 5: 245-248, 1907). With respect to tissue recon- 
struction in higher biological organisms, amphibian em- 
bryo reconstitution was documented by Townes and Holt- 
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f rater ±n 1955. They found that amphibian embryo 
treated with dilute alkali solution and then by mixing 
separated cells a reconstituted organism was formed. 
Thereafter, a number of trials have been challenged for 
5 euch reoonstitution, however, no significant develop- 
ment has been noted until 1980 's. 

Regenerative medicine was first generally ac- 
knowledged when it was applied to bum injuries. In 

10 1981, Bell produced artificial skin and applied it to 
the therapy of burn injuries (Bell, E. et al. Science, 
2llt 1052-54, 1981). Bell, £. et al., embedded Skin fi- 
broblast cells within a collagen gel, and cultured epi- 
dermal cells in the surface thereof to produce 6ui arti- 

15 ficial skin. Here, the idea to reconstruct an organ in 
a three*- dimensional manner using cells and extracellu- 
lar matriaes as material was noted. 

In regenerative medicine, it is most important to 
20 reconstruct organs. There are roughly two methods for 
reconstructing organs: organs are reconstructed ex 
vlvoi and organs are reconstructed in vlvos In either 
case, stem cells are required for reconstruction of or- 
gans* Pluripotency and self -replication ability are im- 
25 portantly required for stem cells used in the above- 
described application. 

stem cells are roughly divided into two catego- 
ries: embryonic stem cells and somatic (tissue) stem 
30 cells. Among somatic stem cells, hematopoietic stem 
cells have attracted attention since a long time ago. 
The self -replication ability and pluripotency of hema- 
topoietic Stem cells are required for maintaining ma- 
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tuzre blood cells bavlng a short life time during the 
life-span of a human. This has already been proposed In 
1961 (Till, J,E., ot al*. Radiat. Res. 14: 213-222). In 
1972, a bone marrow transplantation method using a 
5 mouse model was established (Micklem, et al.s J* 

Cell Physiol*, 79: 293-298, 1972), thereby making it 
possible to detect hematopoietic stem cells by investi- 
gating reconstruction of the hematopoietic stem cell 
system. Since then, hematopoietic stem cell research 

.10 has made dramatic progress. Subsequent studies revealed 
the presence of hematopoietic stem cells having self- 
replication ability and pluripotency (Dick; et 
al.i Cell 42; 71-79, 1985). However, hematopoietic stem 
cells are present at a low rate of several in about 

15 100,000 bone marrow cells even in the case of mice. 
Therefore, in actual research or clinical application, 
hematopoietic stem cells need to be concentrated or pu- 
rified. 

20 Conventionally, hematopoietic stem cell trans- 

plantation therapies have been carried out using natu- 
rally-occurring cells, leading to various side effects. 
For example, a side effect (RRT) la produced by pre- 
treatment before transplantation using a large dose of 

23 an anticancer drug or radiation. There are also other 
Bide effects as follows: bacterial or fungal infectious 
diseases and hemorrhage duo to suppression of bone mar-* 
row; in the case of allotransplantation, when donor's 
leucocytes survive and the number of the cells is in- 

30 creased, they recognize recipient organs as foreign 
matter and attack them (graft versus host diseases 
(GVHD)); various pulmonary complications, mainly in- 
cluding cytomegalovirus (CMV) pneumonia j various vis- 
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ceral disorders due to dlsorderd of vascular endothe- 
lial cells (cells lining the Inner wall of blood ves- 
sels); various Infectious diseases during immune sup- 
pression prolonged after survival of transplanted cells 
5 (at least 1-2 years); prolonged chronic GVHD exhibiting 
various symptoms; late-onset disorders (e.g*^ secondary 
cancers, gonad dysfunction^ Infertility, etc.)' the 
like. 

10 Due to the above- described complications, treuis- 

plantation often temporarily worsens systemic condi- 
tions. The death rate of patients due to complications 
is about 10 to 20% in autotransplantation and about 20 
to 40% m allotransplantation. Even If patients over- 

15 come complications, some patients may relapse. Thus, 
the current transplantation therapies are Inadequate. 

To prevent early death due to complications after 
bone marrow transplantation, a therapeutic method has 
20 been developed in which stem cells are separated 6ind 
purified and precursor cells are produced in large 
quantities from the stem cells, and the precursor cells 
as well as stem cells are transplanted. The method has 
already entered ollnical trials* 

25 

On the other hand, gene therapy, in which a gene is in- 
troduced into stem cells which are in turn transplanted 
into a patient, has been tried. For example. It has 
been reported that a stem cell (CD34 positive bone mar- 
30 row cell) having introduced IL-2 receptor y chain was 
transplanted into patients with X- linked severe com- 
bined immunodeficiency, and as a result, the clinical 
condition of the patients was Improved (Cavazzana-Calvo, 



7. Sep. 2004 23:34 S. YAMAMOTO OSAKA 

- 7 - 



NO. 8003 P. 22/149 
TROOl 



M. et al., Solenoe, 288 t 669-672 « 2000). When IntrofllUC- 
Ing a gene Into a stem cell. It la neceesary to culture 
such a stem cell for a short period of time, and It Is 
crucial to the success of the gene therapy whether or 
5 not such a stem cell is controlled not to survive with- 
out differentiation during such a culture period. 

Fluorescence activated cell sorting (PACS) was 
developed in the 1980' s. Since then, techniques utili2;- 

10 ing FAGS have been employed for enrichment and purifi- 
cation of hematopoietic stem cells* It has been re- 
vealed that high- purity hematopoietic stem cells are 
obtained by separating CD34-KSL cells from multiply 
stained bone marrow cells (Osawa, M. et al., Science, 

15 273: 242-245, 1996). As described above, plurlpotency 
and self -replication ability are the essential features 
of stem cells. To exploit these abilities, it is impor- 
tant to enrich and purify stem cells and expand the 
cells by ex vivo culture. 

20 

Various proteins have an Important role in regu- 
lating the expansion and differentiation of stem cells. 
For example, stem cell factor (SCP) (also called steel 
factor) in hematopoietic stem cells has attracted at- 
25 tent ion. 

SCF is produced by bone marrow stromal cells and 
acts on pluripotent stem cells, boxxe marrow cells such 
as CPU-M, CFU-Meg or the like, and lymphocyte precur- 
30 sory cells to support their expansion and differentia- 
tion • That is, it is believed that sCF acts on cells 
from hematopoietic stem cells to precursory cells so as 
to aid other cytokines which induce differentiation to- 
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ward the final stage (S. Kltamura, Saltokain-no- 
Balzenaen [Frontline of Cytokine], Yodo-eHa, edited by 
T. Hlrano, pp. 174-187, 2000). 

5 However, the action of a sole SCF seeme to be so 

weak that It cannot work well unless it operates In co- 
operation with other factors. For example, SCF induces 
the differentiation and expansion of hematopoletlo stem 
cells strongly in the presence of other cytokines, such 

10 as Interleukln IL»3, lL-6, IL-11, granulocyte colony 
stimulating factor (G-CSF) , or the like. SCF also In- 
duces the differentiation and expansion of mast cells, 
erythroblast precursory cells, granulocyte macrophage 
precursory cells , megakairyooyte precursory cells, and 

15 the like. 

Therefore, it is considered that SCF does not di- 
rectly control expansion and differentiation, but en- 
hances the responsiveness of a number of kinds of hema- 
20 topoietic cells to various cytokines while supporting 
the survival of the cells. 

Thrombopoletin (TPO) has also attracted attention. 
This factor supports the differentiation of megakaryo- 
25 dytes and the production of platelets as well as acting 
on stem cells to induce their expansion and differen- 
tiation. Also, it has been found that TPO is involved 
in the self replication of stem cells. 

30 l!hus, conventional factors can promote the dif- 

ferentiation of stem cells in an uncontrollable manner, 
but not in a controllable manner. 
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Therefore, it is an object of the present Inven- 
tion to provide a method and eubetonce to maintain the 
plurlpotency of a stem cell maintaining an undifferen- 
tiated 6tate (without differentiation) . 

5 

SUMMJ^Y OF INVENTION 

Accordingly r the present invention provides a 
protein having a Wnt- Inhibitory factor (HIF) domain. 

10 More specifically, the protein having the WIF domain is 
WIF-l (for exanqple, SEQ ID NOSs 2, 4, 6, 8, 10 or the 
like). A protein having a WIF domain such as WIP-l can 
provide to stem cella the ability to optionally reserve 
plurlpotency without differentiation when provided to 

15 the stem cell In combination with an agent for support- 
ing stem cell survival such as a SCF. Previously, pro-* 
telns having a WIF domain have been shown to inhibit 
the function of WNT protein. However, It is not Known 
that such a protein acts on a ^tem celX to maintain the 

20 undifferentiated state and plurlpotency and to stop 
differentiation. Therefore , this fact can be recognized 
to be a significant effect. 

Therefore the present invention provides the fol- 

25 lowing I 

1. A polypeptide having a WIF domain which maintains 

plurlpotency without differentiating a Stem cell. 

2. The polypeptide according to item 1. wherein the WIF 
30 domaiii oomprisea at least five amino acids among about 

position 30 to about position 180 of the sequence set 
forth in SEQ ID NO; 4, 

3. The polypeptide according to Item 1« wherein the WIF 
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domain comprises tha sequence of about position 30 to 
about poeltion 180 of the sequence set forth In SBQ ID 

4. The polypeptide according to item 1, wherein the 
5 polypeptide further Includes an Epidermal Growth Factor 

(EGF) like repeat. 

5. The polypeptide according to Item 4, wherein the EGF 
like repeat comprises at least one repeat consisting of 
CX3CX5CX5CXCX8CX4 where C is cysteine and X Is any amino 

10 acid. 

6. The polypeptide according to item 1, wherein the 
polypeptide has the sequence set forth in SEQ ID NO: 4, 

7. The polypeptide according to item 1. wherein the 
stem cell la a hematopoietic stem cell. 

15 8, A composition for maintaining pluripotency without 
differentiating a stem cell comprising a polypeptide 
having a WIF domain. 

9. The composition according to item 8, wherein the 
polypeptide further has an EGF like repeat. 
20 10. The composition according to item 8 wherein the 
polypeptide has the sequence set forth in SEQ ID NO: 4. 

11. The composition according to item 8 further com- 
prising a stem cell survival agent. 

12. The composition according to item 8, wherein the 
25 stem cell survival agent is stem cell factor (SCF). 

13. A stem cell which does not differentiate in vitro 
eind maintains pluripotency. 

14. The stem cell according to item 13 which is a hema- 
topoietic stem cell- 

30 15, The stem cell according to item 13 wherein the pe- 
riod of said pluripotency maintenance is at least six 
days . 

16. The stem cell according to item 13, wherein the 
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plurlpotanay comprlsea a oapablllty- of differentiating 
Into blood cells. 

17. A long period plurlpotenoy maintaining cell compo- 
sition comprieing a stem cell and a polypeptide having 

5 a WIF domain. 

18. The long period plurlpotenoy maintaining cell com- 
position according to item 17, wherein the polypeptide 
further comprises an EGP like repeat « 

19* The long period plurlpotenoy maintCLLning cell com- 
10 position acoording to item 17, wherein the stem cell is 
hematopoietic cell. 

20, The long period plurlpotenoy maintaining cell com-* 
position acoording to item 17, wherein at least 10* 
cells of the stem cell exist therein, 
15 21. The long period plurlpotenoy maintaining cell com- 
position according to item 17, wherein the polypeptide 
having the wiF domain comprises the sequence set forth 
in SEQ ID NO: 4. 

22 . The long period plurlpotenoy maintaining cell com- 
20 position aooording to item 17, wherein the polypeptide 

having the WIP domain is present at least at 0.1 ng/ml 
therein • 

23. The long period plurlpotenoy maintaining cell aom- 
positlon according to item 17 further comprising a stem 

25 cell survival agent. 

24* The long period plurlpotenoy maintaining cell oom- 
position according to item 23 « wherein the stem cell 
survival agent is SCP. 

25. The long period plurlpotenoy maintaining cell oom- 
30 position according to item 23, wherein the stem oell 

survival agent is FLT-3 ligand. 

26. The long period plurlpotenoy maintaining oell com- 
position acoording to item 23, wherein the stem cell 
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survival agent is present at least at 1 ng/ml therein. 

27. The long period pluripotenoy maintaining cell com- 
position according to item 23 for preparing differenti- 
ated cells wherein the differentiated cells are used 

5 for treating disorders of blood cells. 

28. A method for maintaining pluripotency without dif- 
ferentiating a stem cell, comprising the step of s 

1) providing the stem cell with a polypeptide having a 
WIF domain. 

10 29. The method according to item 28 wherein the poly- 
peptide further cos^lses an EGF like domain. 

30. The method according to item 28 wherein the stem 
cell IG a hematopoietic cell. 

31. The method according to item 28 wherein the stem 
15 cell is present at least at lo^ cells. 

32. The method according to item 28 wherein the poly- 
peptide having the WIF domain comprises the sequence 
set forth in SEQ ID NOi 4. 

33. The method according to item 27 wherein the poly- 
peptide having the WIP domain is present at least at 
0.1 ng/ml. 

34. The method according to item 27 further comprising 
the step of: 

2 ) providing a stem cell survival agent with the stem 
25 cell. 

35. The method according to item 34, wherein the stem 
cell survival agent is SCP. 

36. The method according to item 34, wherein the stem 
cell survival agent is FLT-3 llgand. 

37. The method according to item 34 wherein the stem 
cell survival agent is present at least at 1 ng/ml. 

38. A method for producing a long period pluripotency 
maintaining call composition comprising the steps oft 



20 
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1) providing a stem cell; 

2} treating the stem cell with a polypeptide hav- 
ing a tflF domalni and 
3) collecting the stem cell treated. 
5 39. The method according to item 36 wherein the poly- 
peptide having the HIF domain further comprises an EGF 
like repeat. 

40, The method according to item 38 wherein the stem 
cell is a hematopoietic etem cell. 
10 41. The method according to item 38 wherein the stem 
cell le present at least at 10^ cells. 

42 » The method according to Item 38, wherein the poly'- 
peptide having the WIF domain comprises the sequence 
set forth, in SEQ ID NOi 4. 
15 43. The method according to item 38, wherein the poly- 
peptide having the WIF domain is present at least at 
0.1 ng/ml. 

44. The method according to item 38 further comprising 
the step of 

20 2) providing the stem cell with a stem cell sur- 

vival agent. 

45. The method according to item 44 wherein the stem 
cell survival agent is SCF. 

46. The method according to item 44 wherein the stem 
25 cell survival agent is. fit -3 llgand. 

47. The method according to Item 44, wherein the stem 
cell survival agent Is present at least at 1 ng/ml. 

48. A method for treating a disease or disorder origi- 
nating from a disorder of a differentiated cell, com- 

30 prising the steps of: 

1) administering a long period plurlpotency main- 
taining cell composition to a subject wherein the long 
period plurlpotency maintaining cell composition com^ 
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prises t 

a stem aelli and 

a polypeptide having a WIF domain. 

49. The method aooording to item 48, wherein the poly 
5 peptide having the WIF domain further comprises an SGF- 

like repeat 4 

50. The method according to item 48 wherein the differ- 
entiated cell Is a blood oell. 

51. The method according to item 48 wherein the stem 
10 cell is a hematopoietic cell. 

52. The method according to item 48 wherein the stem 
cell 16 present at leaet at 10^ cells, 

53. The method according to item 48 wherein the poly- 
peptide having the WIF domain comprises the sequence 

15 set forth in ID NOs 4. 

54 . The method according to item 48 wherein the poly- 
peptide having the WIF domain is present at least at 
0.1 ng/ml. 

55. The method aooording to item 48 wherein the long 
20 period pluripotency maintaining cell composition fur- 
ther comprises a stem cell survival agent. 

56. The method according to item 55 wherein the stem 
cell survival agent Is SCF. 

57* The method according to item 55 wherein the stem 
25 dell survival agent is fit -3 ligand. 

58. The method according to item 55, wherein the stem 
cell survival agent is present at least at 1 ng/ml. 

59. The method according to item 48 further comprising 
the step of differentiating the stem cell. 

30 60, The method according to item 48 wherein the subject 
is a human. 

61. The method according to item 48 wherein the poly- 
peptide having the WIF domain Is a human recombinant 
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WIF-1 comprising the sequence set forth In SEQ id NOs 4. 

62. A pharmaoeutlaal composition for treating a disease 
or disorder originating from a disorder of a differen- 
tiated cell comprising t 

5 a stem cell; 

a polypeptide having a WIF domain; and 
a pharmaoeutiaally acceptable carrier. 

63. A pharmaceutical composition according to item 62 
wherein the polypeptide further comprises an EGF-like 

10 repeat. 

64 . The phazmaceutlcal composition according to item 62 
Wherein the differentiated cell is a blood cell. 

65 « The pharmaceutical composition according to item 62 
wherein the stem cell is a hematopoietic cell. 
15 66. The pharmaceutical composition according to item 62 
wherein the stem cell is present at least at 10^ cells. 

67. The pharmaceutical composition according to item 62 
wherein the polypeptide having the WIF domain is WIF-I. 

68. The pharmaceutical composition according to item 62 
20 wherein the polypeptide having the WIF domain is pre- 
sent at least at. 0.1 ng/ml, 

69. The pharmaceutical composition according to item 62 
further comprising a stem cell survival agent. 

70. The pharmaceutical composition according to item 62, 
25 wherein the stem survival agent is SCF. 

71. The pharmaceutical composition according to item 69, 
wherein the stem cell survival agent is fit- 3 ligand. 

72. The pharmaceutical composition according to Item 69 
wherein the stem cell survival agent is present at 

30 least at 1 ng/ml. 

73. The pharmaceutical composition according to item 69 
wherein the disease or disorder Is a human disease or 
disorder. 
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74. The pharmaceutical coxnpoaltlon according to Item 74 
wherein the polypeptide having the WIF domain Is recom- 
binant human tfIF«l comprising the sequence set forth In 
SEQ ID NO: 4. 

5 75. Use of a polypeptide having a WIF domain for main- 
taining the plurlpotency of a stem cell without differ- 
entiation. 

76 ♦ The use according to Item 75 wherein the polypep- 
tide fxirther comprleeG an B6F like repeat. 
10 77. The use according to Item 75 # wherein the dtdiA cell 
Is a hematopoietic cell. 

78. The use according to Item 75 » wherein the stem cell 
Is present at least at 10^ cells. 

79. The use according to Item 75, wherein the polypep** 
15 tide having the WIF domain comprises the sequence set 

forth In SEQ ID NOt 4. 

80. The use according to item 75, wherein the polypep- 
tide having the WIF domain Is present at least at 0.1 
ng/ml. 

20 81 » The U8e according to item 75, combined with the use 
of a stem cell survival agent. 

82. The uee according to Item 81, wherein the stem cell 
survival agent Is SCF. 

83. The U86i according to Item 81, wherein the stem cell 
25 survival agent is fit -3 llgand. 

84. The use according to item 81, wherein the stem cell 
survival agent Is present at least at 1 ng/ml. 

85. The use according to item 75 Wherein the disease or 
disorder is a human disease or disorder. 

30 86. The use according to item 75 wherein the polypep- 
tide having the WIF domain is human recomt>inant WIP-1 
comprising the sequence set forth In SEQ ID NOt 4. 



7. Sep. 2004 23:36 



S. YAMAMOTO OSAKA 



- 17 - 



NO. 8003 P. 32/149 

TROOl 



BRIEF DESCRIPTION OF DRAWINGS 

Figures 1 (Figure lA and Figure IB) shows the WIF-I 
gene in which the domain^ thereof are shown separately. 
5 The sequences are shown for mouse, hximan« rat, Xenopus, 
Zebrafish (corresponding to SEO ID Nos: 2, 4, 6, 6, and 
10, respectively) in that order from the top, respec- 
tively* The amino acid residues from about position 30 
to about . position 180 correspond to the WIF domain as 
10 defined herein. After about position 180 of the amino 
acid residues is located an EGF-llke repeat. 

Figure 2 shows a scheme showing a method for purify* 
ing CD3^KSL cells using FACS. 

15 

Figure 3 shows a FACS figure developed using Lin' and 
o-KitVioa-1*. 

Figur e 4 shows a scheme showing a single cell culture. 
20 The cell survival rate, cell division^ and colony 
formation of the cells prepared by the method can be 
analyzed using the. method described herein. 

Figur e^ 5 s hows a scheme for analyzing a stem cell using 
25 a mouse, 

BEST NODE FOR CARRYING OUT THE INVENTION 

Hereinafter, the present invention will be de- 
30 scribed. It should be understood throughout the present 
specification that articles for a singular form (e,g., 
"a", 'an", "the", etc. in English; 'ein", "der", "das', 
"die", etc. and their inflections in German; "un", 
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•une", "le", "la", etc. in Frenchi "un"/ "una", "el^, 
"la", eta. In SpanlsH, and articles, adjectives, etc. 
In other languages) Include the concept of their plu- 
rality unless otherwise mentioned* It should be also 
5 understood that the terms as used herein have defini- 
tions typically used in the art unless otherwise men- 
tioned. 

(Description oE the sequences) 
10 SEQ ID NO: 1 shows the full-length nucleotide se- 

quence of murine wiF-1 of the present invention. 

SEQ ID NO I 2 shows the full-length amino acid se- 
quence of murine WIF-1 of the present Invention. 

SEQ ID NO: 3 shows the full*- length nucleotide se- 
15 quence of human WIP-1 of the present invention, 

SEQ ID NO: 4 shows the full-length amino acid se- 
quence of human WIP-1 of the present invention. 

SEQ ID NO: 5 shows the full-length nucleotide se- 
quence of rat WIF-1 of the present invention. 
20 SEQ ID NOt 6 shows the full-length amino acid se- 

quence of rat WIP-1 of the present invention. 

SEQ ID NOs 7 shows the full-length nucleotide se- 
quence of Xenopua WIP-1 of the present invention. 

SEQ ID NO: 8 Shows the full-length amino acid se- 
25 quence of Xenopus WIP-1 of the present Invention. 

SEQ ID NO: 9 Shows the full-length nucleotide se- 
quence of Zebrafish WlP-1 of the present invention. 

SEQ ID NO: 10 shows the full-length amino acid 
sequence of Zebrafish WIF-1 of the present invention. 
30 SEQ ID NO: 11 shows a sequence of a degenerate 

primer (forward direction) used in Example 1. 

SEQ ID NO: 12 Shows a sequence of a degenerate 
primer (bac]cward direction) used in Example 1. 
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As used herein, including SEQ ID NOSi. 11 and 12, 
the nuoleio aoid references used euce as follows: a: 
adenine; ct cytoslne; g; guanine i ti thymine; u: 
uracil; m: a or c; r: g or a; w: a or t or u; s: g or 
5 c; y: t or u or c; k: g or t or u; v: a or g or C; h: a 
or o or t or u; ds a or g or t or u; to: g or o or t or 
u; n; {a or c or g or t or u) or (unknown or other 
base ) « 

SEQ ID NO: 13 shows the sequence of pCA66S-6His 

10 vector. 

SEQ ID NOS; 14, 16, 18, and 20 show nucleotide 
sequences of conservatively substituted variants of the 
polypeptide containing the WIF domain of the present 
invention, and SEQ ID NOS; 15, 17, 19 and 21 show the 
15 amino acid sequence of the conservatively substituted 
variants of the polypeptide having the WIF domain of 
the present invention, 

SEQ ID NO: 22 shows the nucleotide sequence of a 
variant comprising only the WIF domain. 
20 SEQ ID NOt 23 shows the amino aoid sequence of a 

variant comprising only the WIF domain- 

SEQ ID NO 8 24 shows the nucleotide sequence of a 
variant comprising only the EGF-llXe repeat. 

SfiO ID NO 8 25 shows the amino aoid sequence of a 
25 varieuit comprising only the EGF-like repeat. 

(Definition of the terms) 

The term "^cell" is herein used in its broadest 
sense in the art, referring to a structural unit of 
30 tissue of a multicellular organism, which is capable of 
self replicating, has genetic information and a mecha- 
nism for expressing it, and Is surrounded by a membrane 
structure which isolates the cell from the outside. 
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As used herein, any oell may be used so long as 
the cell can obtain the capability of . obtaining pluri- 
potenoy and becoming undifferentiated cell by treating 
5 the cell with an agent of the present invention, al- 
though stem cells may usually be used. As used herein, 
the term ""stem cell" refers to a cell capable of self 
replication and pluripotency. Typically, stem cells can 
regenerate an in:]ured tissue « As used herein *life' of 

10 a etem cell refers to a phenomenon wherein survival or 
growth in an undifferentiated state without loss of 
piuripotency occurs. The ''death'' of a stem cell refers 
to a phenomenon leading to differentiation or apoptosis. 
Stem cells used herein may be , but are not limited to , 

15 . embryonic stem (ES) cells or tissue stem cells (also 
called tlssular stem cells, tissue-speoif io stem cells, 
or somatic stem cells). Embryonic stem cells are pluri- 
potent stem cells derived from early embryos. An embry- 
onic stem cell was first established in 1981, and has 

20 been applied to the production of icnoclcout mice since 
1989. In 1998, a hizman embryonic stem oell line was es- 
tablished, which is currently becoming available for 
regenerative medicine. Therefore in a preferable em- 
bodiment of the present invention, embryonic stem cells 

25 or embryonic germ cells may be used as the cell. In an- 
other preferable embodiment, tissue stem cells such as 
hematopoietic stem cells axe used. 

Tissue stem cells have a relatively limited level 
30 of differentiation unlike embryonic stem cells. Tissue 
stem cells are present in tissues and have an undiffer- 
entiated intracellular structure- Tissue stem cells 
have a higher nucleus /cytoplasm ratio and have few in- 
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traoeJLlular organelles. Most tissue stem cells have 
plurlpotency, a long cell cycle « and proliferative 
ability beyond the life of the individual. Aooordingly, 
in a preferable embodiment of the present invention « 
9 tissue stem cells which are directed to blood cells are 
used as the cell. 

Tissue stem cells are separated into oategories 
of sites from which the cells are derived, such as 

ID eotodermic. mesodezmic and endodermic. Tissue stem 
calls in the dermal system include nervous stem celld 
present in the brain and epidermal stem cells, hair 
follicle stem calls and pigment stem cells found in the 
skin« and the like. Tissue stem cells in the mesoderm 

IB system include blood vessel stem cells, hematopoietic 
stem cells, and meBenchymal stem cells found in the 
bone marrow and blood. Tissue stem cells in the endo- 
derm are mainly present in the organs and include he- 
patic stem cells, pancreatic stem cells, bowel and epi" 

20 dermal stem cells. in addition, germ line stem cells 
are present in the testis and ovary. in a preferable 
embodiment of the present invention^ stem cells in the 
mesoderm system may be used. In a more preferable em- 
bodiment of the present invention, hematopoietic stem 

25 cells may be used. 

Tissue stem cells are separated into categories 
Of sites from which the cells are derived, such as the 
dermal system^ the digestive system, the bone marrow 
30 system, the nervous system, and the like. Tissue stem 
cells in the derztial system include epidermal stem cells, 
hair follicle stem cells, and the like. Tissue stem 
cells in the digestive system include pancreatic (com- 
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mon) stem oells, hepatic stem calle, and the like* Tis- 
sue stem cells in the bone marrow system Include hema- 
topoietic stem cells, mesenchymal stem cells « and the 
like* Tissue stem cells In the nervous system include 
5 neural stem cells, retinal stem cells, and the like. In 
an embodiment of the present invention, hematopoietic 
stem cells may be used as the blood cells are derived 
£rom the hematopoietic stem cells. 

10 Hematopoiteio stem cells are one of the most 

studied stem cells up to date* However, hematopoietic 
Stem cells are not completely understood on a number of 
points such as the plasticity thereof* Mouse models are 
mostly used for studying hematopoietic stem cells* He« 

15 matopoietic stem cells are present at about 3 to 4 
cells per 100,000 bone marrow cells (in the case of the 
B6 mouse). When hematopoietic stem cells are applied to 
experiments or therapy, it is necessary to separate 
them from the other bone marrow cells. The most effi- 

20 clent way at present for purifying such hematopoietic 
stem cells id a method for enriching hematopoietic st^ 
cells comprising staining bone marrow cells using an 
antibodies labeled with a fluorescence • labeled against 
a number of cell surface antigen, separating them into 

25 positive and negative cell fractions using PACS, and 
selecting the fractions containing hematopoietic stem 
cells . 

Hematopoietic stem cells in the bone marrow are 
30 frequently present in CD34 negative or weakly positive, 
c-Klt positive, Sca-1 positive, lineage marker negative 
(CD34'KSL) cell fractions. It is known that a competi- 
tive repopulation assay can be used to stimulate hema- 
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topoletlo repopulatlon for a longer period of time at a 
ratio of about one per three recipient mloe when a CD34' 
KSL cell is transplanted into a mouse. Therefore, one 
in three CD34"KBL aells con he recognized to be a hema- 
5 topoletlo stem oell (Jlkken Igaku « Experimental Medi- 
cine, Vol. 19, No. 15 (Suppl.) 55-5$, 2001). As the 
level of repopulation Is heterogeneous^ hematopoietic 
stem oell population is not homogeneous. Such hemato- 
poietic stem oell enriched populations can be well used 
10 in experimental and clinical applications. 

In the present Invention, such enriched or purl- 
fled hematopoietic stem cells populations may be used 
as a Cell source. 

13 

As ueed herein, the term "differentiated oell" 
refers to a cell having a specialized function and form 
(e.g., muscle cells, neurons, blood cells, etc.)* 
Unlike stem cells, differentiated cells have no or llt- 

20 tie pluripotency. Examples of differentiated cells in- 
clude epidermic cells, pancreatic parenchymal cells, 
pancreatic duct cells, hepatic cells, bile duct cells, 
blood cells (such ad red blood cells, platelets, T 
celle, B cells or the like), cardiac muscle oalisv 

25 skeletal muscle oalls« osteoblasts, skeletal myoblasts, 
neurons, vascular endothelial cells, pigment dells, 
smooth muscle cells, adipocytes, bone cells, cartilage 
cells, and the like. Therefore, in an embodiment of the 
present invention, when a differentiated cell can be 

30 treated by an agent of the present invention to main- 
tain an undifferentiated state and to obtain pluripo- 
tency, such a differentiated cell falls within the 
scope of the present invention* A differentiated cell 
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prepared from the stem csell. of the present Invention 
can be used for the treatment and/ or the prevention of 
a variety of diseases and disorders. Accordingly, such 
a differentiated cell and a composition comprising such 
S a differentiated pell will also fall within the scope 
of the present invention. Such a differentiated cell 
can be prepared by the application of differentiation 
factors (for example « hematopoietic factors such as 
erythropoietin (BPO), a variety of Interleuklns (such 

10 ae IL-3) or the like). As used herein the term "differ- 
entlatlon factor" is an agent (such as a polypeptide) 
for promoting differentiation by acting on a, stem cell. 
Examples of such differentiation factors Include cyto- 
kines including a variety of Interleuklns (such as 

15 IL-6, IL-11 or the like), colony stimulating factor 
(such as EPO, thrombopoietin (TPO) , granulocyte -colony 
stimulating factor (G-CSF) granulocyte -macrophage- 
colony stimulating factor (GM-CSF), macrophage -colony 
stimulating factor (M-CSF) or the like); a variety of 

20 growth factors including Hepatic growth factor (HGF) , 
Epidermal Growth Factor (EGP) , Vascular Endothelial 
growth factor (VEGP)^ Platelet -Derived Growth factor 
(PDGF), and Fibroblast Growth Factor (FGF). 

25 As used herein, the term isolated" refers to a 

status of a substance or a cell, and that the substanoe 
or cell is in a different status than that of the natu- 
ral state, and means that at least one substanoe or 
cell, which naturally associates therewith, does not 

30 associate. As used herein, the term concentration" or 
"enrichment" of a cell refers to elevating the occur- 
rence of a specific cell present from that of the natu- 
rally occurring state. As used herein, the term 'purl- 
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flcatlon' of a cell refers to bringing tbe frequency of 
the oell to a higher level,, and cells other than the 
cells of Interest will be present in a manner such that 
the function of the cells of Interest will be dubstan« 
5 tially unaffected. Accordingly, In a preferable state, 
purified cells or cell compositions comprise particular 
cells only» As used herein 'purifying'' a substance re- 
fers to bringing the frequency of the substance to a 
higher level, and substanaes other than the substance 
10 of interest will be present in a manner such that the 
function of the substances of interest will be substan- 
tially unaffected. Accordingly, in a preferable state, 
purified substance or compositions comprising the same 
will comprise a particular substance only. 

15 

Further, cells having pluripotency of the present 
invention can differentiate into at least a blood- 
lyraphoid system cell (T cell, B cell, plasma cell, ba- 
sophil, eosinophil, monocyte, macrophage, neutrophil, 

20 megakaryocyte, platelet, erythroblast , erythrocyte or 
the like), and preferably the cells having pluripotency 
of the present invention can differentiate into all the 
bloods lymphoid system cells. Accordingly, the prefer- 
able differentiated cells of the present invention may 

25 be a blood- lymphoid system cells such as T cells, B 
cells, plasma cells, megeiKaryocytes , platelets, eryth- 
roblasts, erythrocytes and the like. 

As used herein, the terms "differentiation" or 
30 "cell differentiation' refers to a phenomenon that two 
or more types of cells having qualitative differences 
in form and/or function occur in a daughter cell popu- 
lation derived from the division of a single oell. 
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Therefore, "differentiation" Includes a proaes^ 
during vhloh a population (family tree] of cellfi, which 
do not originally have a specific detectable feature, 
acquires a feature, such as the production of a epe-- 
5 clflc protein, or the like. At present^ cell different- 
tlation is generally considered to be a state of a cell 
in which a specific group of genes In the genome are 
expressed. Cell differentiation can be Identified by 
searching for Intracellular or extracellular agents or 

10 conditions which elicit the above ^described State of 
gene expression. Differentiated cells are stable In 
principle. Particularly, animal cells ^Ich have been 
once differentiated are rarely differentiated Into 
other types of cells. Therefore^ the acquired pluripo- 

15 tent cells of the present Invention are considerably 
useful. ""Undlf f erentlated (state)" refers to a state of 
a cell In which the cell has no qualitative difference 
In forms or functions. 

20 As used herein^ the term "plurlpotency" refers to 

a nature of a cell. I.e., an ability to differentiate 
into a variety of tissues or organs. Typically, the 
plurlpottiincy of a cell Is limited as the cell Is devel- 
oped, and In an adult, where the plurlpotency Is usti- 

25 ally lost, cells constituting a tissue or organ rarely 
alter to different cells. Particularly, epithelial 
cell© resist altering to other types of epithelial 
cells. Such alteration typically occurs In pathological 
conditions, and is called metaplasia. However, mesen- 

30 chymal cells tend to easily undergo metaplasia, i.e., 
alter to other mesenchymal cells, with relatively sim- 
ple stimuli. Therefore, mesenchymal cells have a high 
level of pluripotency. Therefore, the term "maintaining 
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plUTipotency' roters to maintenance of a plurlpotency 
o£ cells such as stem cells. The present Invention Is a 
breakthrough Invention which has attained the produc- 
tion of a stem cell which can maintain plurlpotency for 
5 a longer period of time than a normal stem cell. 

Cells used herein may be derived from any organ- 
ism ( e . g . f vertebrates and inver t ebr at ed ) • Preferably , 
cells from a vertebrate are used and more preferably, 
10 cells from a mammal such as primates, rodentia etc. are 
used. Still more preferably, cells from primates are 
used* Most preferably, cells from humans are used. 

As used herein the term "WIF domain" refers to a N- 

X5 terminal region of the WIP-1 protein without the signal 
peptide thereof and extending until the EGF^'lilce repeat 
starts. Therefore ^ in the case of the murine WIF domain, 
such a domain corresponds to the amino acid number 
about position 30 to about position 180 in the sequence 

20 of SEQ ZD NOs 2. As used herein , the "WIF domain" will 
Include, In addition to the Identical sequence of the 
amino acid number about position 30 to at about posi- 
tion 180 of SEQ IP NO; 2, the Identical sequence of the 
amino acid number at about position 30 to at about po<^ 

25 sitlon 180 of human WIF domain as set forth in SEQ ID 
NO: 4, the identical sequence of the amino acid number 
at about position 30 to at about position 180 of the 
Xenopus WIF domain as set forth in SEQ ID NO: 8, th© 
identical sequence of the amino acid number at about 

30 position 30 to at about position 180 of the Zebraflsh 
WIF domain as set forth in SEQ ID NO: 10, as well as 
similar sequences thereof. As used herein, such similar 
sequences are preferably, conservatively substituted 
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variants of a eaquence aalactad from the group consist- 
ing of the WIF domains of the mouse, human, Xenopus and 
Zebraflah sequences as described above « Conservative 
substitution is defined herelnbelow* In the present in- 
5 vention, a polypeptide having a WIF domain of the 
above -mentioned length Is usually used, however, a 
polypeptide having a WIF domain having a shorter length 
than the WIF domain may be used. Such a polypeptide 
having a WIF domain having a shorter length than the 

10 WIF domain can be readily determined to have a function 
of the WIF domain by the use of an In vitro inhibition 
activity assay for. the Wnt protein as set forth in 
Hsleh J*Hw et al.. Nature 39S, 431-436, 1999. Accord- 
ingly, such a shorter WIF domain will include, among 

15 the group of the identical sequence of the amino acid 
number at about position 30 to at about position 180 of 
SBQ ID NO: 2, the Identical sequence of the amino acid 
number at about position 30 to at about position 180 of 
human WIF domain as set forth in SEQ ID NOt 4, the 

20 identical sequence of the amino acid number at about 
position 30 to at about position 180 of the Xenopus WIF 
domain as set forth Xn SEQ ID NOi 8, and the identical 
sequence of the amino acid number, at about position 30 
to at about position 180 of the ^ebraflsh WIF domain as 

25 set forth in SEQ ID NOt 10, at least 5 amino acids, at 
least 6 amino acids, at least 7 amino acids, at least 8 
amino acids, at least 9 amino acids, at least 10 amino 
acids, at least 11 amino acids, at least 12 amino acids, 
at least 13 amino acids, at least 14 amino acids, at 

30 least 15 amino acids, at least 20 amino acids, at least 
25 amino acids, at least 30 amino acids, at least 40 
amino acids, at least 50 amino acids, at least 60 amino 
acids, at J.east 70 amino acids, at least 80 amino acids. 
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at least 90 cunino acids, at least lOO amino acids, at 
least 110 amino acids, at least 120 amino acids # at 
least 130 amino acids, at least 140 amino acids, or at 
least 150 amino acids of this group. As used herein, a 
5 preferable polypeptide having a WIF domain is WIF-1, 
The amino acid sequences of the WIF-l are, as used 
herein, SEQ id nos; 2, 4, 6, 8 and 10 (murine, human, 
rat, Xenopus, and Zebraflsh, respect ively ) , and these 
are well conserved among the species (see Figure 1)« 

10 

As used herein, the term "E6F like repeat" refers 
to a specific domain in Epidermal Growth Factor. It is 
a repeated sequence having six cysteines in the repeat 
unit, and in the E6F, it has nine repeats consisting of 

15 th€i repeated unit "cX7C3C4-5Ca:io.i3CXCXaC" wherein X refers 
to any amino acid. A useful polypeptide for the present 
invention preferably comprises at least one EGF-like 
repeat, and more preferably, may have two, three, four 
or five EGF-llke repeats. WIF-1 has five repeats oon- 

20 sisting of the repeating unit"CX3CX5CXsCXCX8X4" wherein X 
refers to any amino acid. WIP-1 of the present inven- 
tion has five E6F-like repeats, and the location 
thereof is as follows: in the case of murine WIF-1 
polypeptide (SEQ ID NOi 2), amino acid numbers 182-213, 

25 213-245, 245-277, 278-309 and 310-341. Polypeptides 
having an BGF-llke repeat include notoh-1, notch'.2, 
jagged-1, Dll-l, DLK and the like. A polypeptide having 
an EOF- like repeat has been shown to be Involved in 
controlling differentiation of a stem cell in a general 

30 sense (WO 97/31467A1), however, no activity has been 
shown for maintaining pluripotency with blocking or de- 
laying differentiation (i*e, maintaining the undiffer- 
entiated state) until the present invention discloses 
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such an activity In WIF-1, anfl therefore, the signifi- 
cance of the present Invention shouIA be acknowledged. 

The cysteine residues Included In the WIF-1 poly- 
5 peptide are located at amino acid positions: 140, 177, 
182. 186. 192, 198, 200, 209, 214, 218. 224, 230, 232. 
241. 246, 250. 256, 262. 264. 273. 278. 282. 288. 294. 
296. 305. 310. 314. 320. 326. 328 and 337 Of SEQ ID NO: 
2. These residues are conserved among species. 

10 

Portions to which carbohydrate chains can be 
added may be a portion to which an N-acetyl-D- 
glucosamlne can be bound by N-glucoside binding, and 
Include positions 120. 158. 170, 193. 220, 240. 245, 

15 252, 284. 324 and 338. These positions are also con- 
served among many species. Further, a portion to which 
an N-acetyl-D-galaotosamlne can be bound by O-glucoside 
binding, include a portion in which serine or threonine 
residues are often presents These proteins with carbo^ 

20 hydrates added are usually stable against degradation 

lij vJ-VQ and may have more potent physiological activity. 
Accordingly, these polypeptide with carbohydrate added 
are also within the scope of the present Invention* 

25 The polypeptides of the present invention may be 

from any organism. Preferably, the organism is a verte- 
brate (such as mammals, reptiles, amphibians, fish, 
avifauna eto.)r more preferably, mammals (for example, 
rodent la {mouse, rat. etc.), primates (such as humans) 

30 etc.). Ill another embodiment, the polypeptide of the 
present invention may be synthesized. Methods for syn- 
thesizing amino acids are well Icnown in the art. Such a 
synthesizing method Includes methods utilizing peptide 
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jEsyntneslzera (suoh as those available from Applied Bio- 
systems alkd the lllce). 

The polypeptide of the present Invention may use 
5 polymeric (such as dlmerlc or higher) type polypeptides 
having more potent specific activity comprising a fu- 
sion protein produced by a method for forming dlmers 
using disulfide bonds by expressing a fusion protein 
with a single hinge region portion of an antibody, or a 

10 fusion protein produced to be expressed et the C-* 
terminus, N- terminus, or other site in a form suoh that 
a disulfide bond is formed by euiy different method not 
affecting the activity of the polypeptide. Further, a 
method for producing a polymeric structure by aligning 

15 a secpience of the present Invention such as SEQ ID NOs 
2 in tandem, may be used. Accordingly, any dimers or 
polymers higher order oligomer produced by genetic en- 
gineering technology is also within the scope of the 
present invention. 

20 

As used herein, the term "stem cell survival 
agent' Is an agent considered to be essential for sur- 
vival of a stem cell. Conventionally, the survival (and 
differentiation) of stem cells has been thought to te- 

2 5 quire SCF . However , Omit z M . , e t 

al. (Immunity, Vol. 10, 173-182,1999) discovered a pluripo- 
tent hematopoietic stem cell which does not express c^ 
Kit which is a receptor for SCF« Therefore, SCF p^r S9 
is not required for survival of all stem cells. Thus, 

30 those skilled in the art understand that a stem cell 
survival agent may vary depending on the 9tem cell of 
Interest. 



7. Sep. 2004 23:40 



8. YAMAMOTO OSAKA 



- 32 



NO. 8003 P. 47/149 

TROOl 



Accordingly, those skilled in the art will recog- 
nize that stem cell aurvlvea agents will vary depending 
on the stem cell used. Stem call survival agents In- 
clude SCP, TPO, fit -3 ligand and the like, in one em- 
5 bodlment, a stem cell survival agent may be SCP (also 
known as steel factor) . SCF was identified ad an agent 
for controlling stem cell function. However, as de- 
scribed herein, SCP per se has no activity relating to 
self -replication of stem cells, and rather it became 
10 apparent that SCF supports the survival of cells having 
the c-Klt receptor, and directs celle to differentia- 
tion as a result. Accordingly. SCP is considered to 
serve as a species of stem cell survival agent and is a 
preferred example of stem cell survival agent herein. 

15 

Further, conventionally, a positive CD34 indica- 
tion le considered to be an important marker for plurl- 
potency, and the expression thereof has been considered 
to be indicative of having pluripotency . However, it 

20 has herein become apparent that such a positive indica- 
tion is not always correlated with pluripotency. Uhus , 
in the praddnt invention, the surprising finding that a 
protein having WIP domain has a function of maintaining 
pluripotency without inducing differentiation of stem 

25 cells has been made. 

As a llgand Of Notch, Jagged-1 is known 
(J.Exp.Med. 192.1363-1372,2000). Jagged-1 has been 
shown to have relation with hematopoietic cells, how- 
30 ever, it has not been shown that Jagged-1 alone or in 
combination with SCP has a function of maintaining 
pluripotency with an undifferentiated state. 
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Hematopoietic factors sucti ^9 TPO have been shown 
to be related to differentiation oontrol In hematopol- 
etlo stem cells. Blood « 1 October 2001, Vol. 98 « No. 7, 
pp.. 2091-2100 showed the roles of survlvln, which is a 
5 member of the family of apoptosls suppression factors, 
Iri normal tombilical cord blood and bone marrow 0334 
positive cells In relation to hematopoietic factors. 
The combination of TPO, Flt3 ligand (PL) and SCF was 
shown to upregulate tne expression of survivln in CD34 + 
10 cells withm hours t Further, It was shown that the 
expression of survivln and the entry Into the cell cy- 
cle coincide with each other. However, no relationship 
has been studied with cell differentiation* 

15 As used herein, the tezms "protein" « "polypep- 

tide" and "peptide" are Interchangeably used to refer 
to a macromoleoule (polymer) consisting of a series of 
amino acids. Amino acid refers to an organic molecule 
having carboxyl and amino groups on a carbon atom. As 

20 used herein, preferably, such an amino acid may be, but 
is not limited to, one of the twenty naturally-* 
occurring amino acids* 

The terras "polynucleotide" , "oligonucleotide", 
25 and "nucleic add' as used herein have the same meaning 
and refer to a nucleotide polymer having any length. 
Nucleotide refers to a nucleoside in which a portion is 
replaced with phosphate ester. The base portion thereof 
includes pyrlmldine bases or purine bases (such as 
30 pyrlmldine nucleotides and purine nucleotides). Polynu- 
cleotides Include PNA and RNA. 



A metbod for producing the polypeptide of the 
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present Invention Includes, for example, a method for 
culturlng primary cells or cell lines producing the 
polypeptide ana isolating or purifying the protein from 
the culture supernatant thereof. Alternatively, it is 
5 possible to use genetic engineering methods, to incor- 
porate a gene encoding the polypeptide into an appro- 
priate expression vector, to transform an expression 
host with the „ vector and to obtain a recombinant 
physiologically active substance (for example, cell 

10 growth factor) from the culture supernatant of the 
transformed cells. The host cell includes but is not. 
limited to any cell so long as the cell expresses the 
polypeptide, and those skilled in the art can use a va- 
riety of host cells that can be used in the art for ge*- 

15 netic engineering, such as E. aoli, yeast, plant cells, 
insect cells, animal cells, and the like. The polypep^ 
tide thus obtained can be used so long as the polypep- 
tide has the substantially similar activity and C6ui in- 
clude On© or more amino acid substitutions, additions 

20 and/or deletions in an amino acid sequence, and one or 
more carbohydrate chain can be substituted, added 
and/or deleted. 

A given amino acid may be substituted with an- 
25 Other amino acid in a protein structure, such as a 
cationic region or a substrate molecule binding site, 
without a clear reduction or loss of interactive bind- 
ing ability. A given biological function of a protein 
is defined by the interactive ability or other property 
30 of the protein* Therefore, a particular amino acid sub- 
stitution may be performed in an amino acid sequence, 
or at the DNA code sequence level, to produce a protein 
which maintains the original property after the sUbsti- 
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tutlon« Ttxerefore, various moai£:Lcations of peptides as 
dlsolosed Herein and DNA encoding such peptides may be 
performed without clear losses of biological usefulness. 

5 when the above -described modifications are de- 

signed, the hydJfophObiclty Indices of amino aolde may 
be taken Into consideration. The hydrophobic amino acid 
Indices play an important role In providing a protein 
with an Interactive biological function, which Is gen- 

10 erally recognized In the art (Kyte, J, and Doollttle, 
R,F., J. Mol. Biol* 157(1): 105-132, 1982). *rhe hydro- 
phobic property of an amino acid contributes to the 
secondary structure of a protein and then regulates in- 
teractions between the protein end other molecules 

15 (e.g., enzymes. Substrates, receptors, DNA, antibodies, 
6uitlgens, etc.)* Bach amino acid is given a hydropho- 
bloity index based on the hydrophobicity and charge 
properties thereof as follows: laoleuclne (•^4.5); 
valine (+4,2); leucine (+3,8)j phenylalanine (+2 ,8)? 

20 cysteine/cystine (+2.S); methionine (+1.9); alanine 
(+1.8); glycine (-0.4); threonine (-0.7); serine (- 
0.8); tryptophan (-0.9); tyrosine (-1.3); proline (- 
1.6); histidine (-3.2); glutamic acid (-3.5); glutamlne 
(-3*5),* aspartic add (-3.5); asparagine (-3.5); lysine 

25 (-3.9); and arginine (-4.5). 

It Is well known that if a given amino acid is 
substituted with another amino acid having a similar 
hydrophobicity index, the resultant protein may still 
30 have a biological function similar to that of the 
original protein (e.g*, a protein having an equivalent 
enzymatic activity) • For such an amino acid substitu- 
tion, the hydrophobicity index is preferably within ±2, 
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more preferably within ±1, and even more preferably 
within di0*5. It ±m underfitood In thd art that fiuch an 
amino aold substitution based on hydrophoblclty Is ef- 
ficient. As described in US Patent No. 4,554,101, amino 
5 acid residues are given the following hydrophilicity 
indices; arglnine (+3.0); lysine (+3.0); aspartic acid 
(+3;0±1); glutamic acid (+3.0 ±i); serine (+0.3); as- 
paragine (+0.2); glutamlne (+0.2); glycine (0); 
threonine (-0,4); proline (-0.5 ±1); alanine (-0,5); 

10 histidine (-0.5); cysteine (-1.0); methionine (-i.3); 
valine (-1.5); leucine (-1.8); Isoleucine (-1.B): tyro- 
sine (^2.3); phenylalanine (-2.5); and tryptophan ( - 
3.4). It is understood that an amino acid may be sub- 
stituted with another amino acid which has a similar 

15 hydrophilicity index and can still provide a biological 
equivalent. For such an amino acid substitution, the 
hydrophilicity index is preferably within ±2, more pref- 
erably ± 1, and even more preferably ±0.5. 

20 The term ''conservative substitution" as used 

herein refers to amino acid substitution in which a 
stibstituted amino acid and a substituting amino ecld 
have similar hydrophilicity indices or /and hydrophoblc- 
lty indices as described above; Examples of conserve- 

25 tlve substitution Include, but are not limited to, sub- 
stitutions within eaob of the following residua pairs: 
arginlne and lysine; glutamic acid and aspartic acid; 
serine €md threonine; glutamlne and asparegine; and 
valine r leucine/ and iBoleucine, and the like, which 

30 are well Icnown to those s]cllled in the art. 

In order to prepare functionally e(juivalent poly- 
peptides, amino aold additions, deletions, or modlflca- 
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tions caA be performed in. addition to amino acid sub- 
stitutions. Amino aoid 6Ub6titution(s) refara to the 
replaaemont of at least one amino aoid of an original 
peptide Ghain witb different amino acids, such as the 
5 replaoement of 1 to 10 amino acids, preferably 1 to 5 
amino acids, and more preferably 1 to 3 amino aoids 
with different amino acids. Amino aoia addition(s) re- 
fers to the addition of at least one amino acid to an 
original peptide chain, such as the addition of 1 to 10 

10 amino acids, preferably 1 to 5 amino aoids, and more 
preferably 1 to 3 amino aolds to an original peptide 
ohain. Amino acid deletion(8) refers to the deletion of 
at least one amino aoid, auoh as the deletion of 1 to 
10 amino aoids, preferably 1 to 5 amino aoids, and more 

15 preferably 1 to 3 amino acids. Amino acid modifioation 
includes, but is not limited to, amidatlon, carboxyla- 
t ion , sulfation , halogenation , truncat ion , lipidat ion , 
aikyiatlon , glycosylatlon , phosphorylation , hydroxyla- 
tion, aoylation Ce-g., acetylation) , and the like* 

20 Amino acids to b© substituted or added may be natu- 
rally-ocourring or nonnaturally- occurring amino acids, 
or amino aoid analogs. Naturally- occurring amino acids 
are preferable. Those skilled in the art can determine 
whether or not such a variant is functionally eguiva- 

25 lent by evaluating whether or not the variant has a 
eimilar function to the indicator polypeptide using any 
assay described herein. 

As used herein, the term "peptide analog" refers 
30 to a compound which Is different from a peptide but has 
at least one chemical or biological function equivalent 
to the peptide. Therefore, a peptide analog includes 
one that ha^ at least one amino acid analog or amino 
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aold derivative addition or substitution with reapeat 
to tbe oxidinal peptide. A peptide analog hae the 
above-described addition or eubetitutlon so that the 
funotion thereof is substantially the same as the func- 
5 tion of the original peptide (e.g., a similar pKa value, 
a similar functional group « a similar binding manner to 
ligands^ a similar water- solubility , and the like). 
StiGh a peptide analog oan be prepared using a technique 
well Icnown in the art. 

10 

Such a nucleic acid molecule encoding a polypep- 
tide used in the present invention Includes one in 
which a part of the sequence of the nucleic acid is de- 
leted or is substituted With other base(s)« or an addl- 

15 tional nucleic acid seouence is inserted, as long as a 
polypeptide expressed by the nucleic aold has substan- 
tially the same activity as that of the polypeptide of 
the present invention, as desorlbed above . Alterna- 
tively, an additional nucleic acid may be linked to the 

20 5' terminus and/or 3' terminus of the nucleic acid* The 
nucleic acid molecule may include one that is hybridl- 
2able to a gene encoding a polypeptide under stringent 
conditions and encodes* a polypeptide having subs tan** 
tially the same function. Such a method for producing 

25 such a nucleic acid is known In the art and can be used 
in the present invention. 

The above -described nucleic acid can be obtained 
by a well-known PGR method, i.e., chemical synthesis « 
30 This method may be combined with, for example, site- 
specific mutagenesis, hybridization^ or the like. 

Molecular biological techniques, biochemical 
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technlQues, and microorganism technlgues as ueed herein 
are well known In the art an<3 commonly used^ and are 
described in, for example, Ausubel F.A. et al., ed«, 
(1988), Current Protocols In Molecular Biology. Wil©y% New 
5 York* NY; Ssmbrook J. et al., (1987) Molecular Cloning: A 
Laboratory Manual, 2nd Ed., Cold Spring Harbor Labora- 
tory Press ^ Cold Spring Harbor, NY; Special issue, Jik- 
ken Igaku [Experimental Medicine) ""Idenshi Donyu & Hat- 
eugenkaiseki Jlkkenho [Experimental Methods for Gene 
10 Introduction & Expression Analysis]', Yodo-^sha, 1997, 
and the like. 

As used herein, the term "fragment' refers to a 
polynucleotide having a sequence length ranging from 1 

15 to n-1 with respect to the full length of the reference 
polynucleotide (of length n) . The length of the frag- 
ment can be appropriately changed depending on the pur- 
pose - For example , in the case of polypeptides , the 
lower limit of the length of the fragment includes 3, 4, 

20 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 40, 50 or more amino 
acids. Lengths represented by integers which are not 
herein specified (e.g., 11 and the like) may be appro- 
priate as a lower limit. For example. In the case of 
polynucleotides, the lower limit of the length of the 

25 fragment Includes 5, 6, 7, 8, 9, 10, 15, 20, 25. 30, 40, 
50, 75, 100 or more nucleotides. Lengths represented by 
integers which are not herein specified (e.g., 11 arid 
the like) mby be appropriate as a lower limit. 

30 In order to use a fragment of a nucleic acid 

molecule as a selective promoter or selective primer 
against the. original nucleic acid from which it is de- 
rived, it is required to be a fragment which epecifi- 
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cally bybrldl^ses thereto* A& ueea herein, DNAs which 
*speolfJloally hybridize' x:efer6 to the capability of 
dlstlngulshably detecting or amplifying a second nu- 
cleic acid molecule » A selective probe may be typically 
5 at least JO nucleotides in length, preferably at least 
15 nucleotides In length « more preferably at least 20 
nucleotides in length, still more preferably at least 
30 # 40 or 50 nucleotides in length* and a length of 
more than 50 nucleotides can also be ueed* A selective 

10 probe is available a PCR amplified product using 
such selective primers. When uelng a selective primer 
as at least one of a pair of primers for PCR, such a 
selective primer may be at least 9 nucleotides in 
length, preferably at least 10 nucleotides in length « 

15 mo:c$ preferably at least 15 nucleotides in length, 
still more preferably at least 17, 18, 19, 20, 21, 22, 
23, 24, 25, 30 or 50 nucleotides in length. 

As used herein, "homology" of a gene refers to 
20 the proportion of identity between two or more gene se- 
quences* Therefore r the greater the homology between 
two given genes, the greater the identity or similarity 
between their sequences. Whether or not two genes have 
homology is determined by comparing their sequences dl- 
25 rectly or by a hybridisation method under stringent 
conditions . When two gene sequences are directly com- 
pared with each other, these genes have homology if the 
DNA sequences of the genes have representatively at 
least 50% identity, preferably at least 70% identity, 
30 more preferably at least 80%, 90%, 95%, 96%, 97%, 98%, 
or 99% identity with each other. 



The similarity, identity and homology of amino 
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aold sequences and 1>ase eeQiuenoes are herein compared 
U9lng BIiAST (sequence analyzing tool) with the default 
parameters . 

5 As used herein, "polynucleotides hybridizing un- 

der stringent conditions" refers to conditions commonly 
used and well known in the art. Such a polynucleotide 
can be obtained by conducting colony hybridization, 
plaque hybridization, southern blot hybridization, or 

10 the like using a polynucleotide selected from the 
polynucleotides of the present invention. Specifically, 
a filter on which DNA derived from a colony or plague 
la immobilized is used to conduct hyl^ridlzation at 65*'C 
In the presence of 0*7 to 1.0 M NaCl. Thereafter, a 

15 0.1 to 2-fold concentration SSC (saline- sodium citrate) 
Solution (1-fold concentration SSC solution is composed 
of 150 mM sodium chloride and 15 mM sodium citrate) is 
used to wash the filter at 65**c. Polynucleotides iden- 
tified by this method are referred to as 'polynucleo- 

20 tides hybridizing under stringent conditions"* Hy- 
bridization can be conducted in accordance with a 
method described In, for example. Molecular Cloning 2nd 
ed. , Current Protocols in Molecular Biology, Supplement 
1-38, DNA Cloning It Core Techniques, A Practical Ap- 

25 proach. Second Edition, Oxford University Press (1995), 
and the like. Haret sequences hybridizing under strin- 
gent conditions exclude, preferably, sequences contain- 
ing only A (adenine) or T (thymine). 

30 As used herein, "hybridizable polynucleotide" re«^ 

fere to a polynucleotide which can hybridize to other 
polynucleotides under the above -described hybridization 
eoAdltions. Specifically, the hybrldizable polynucleo- 
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tide includes at least a polynucleotide having a homol- 
ogy of at least 60% to the base sequence of DNA encode 
ing a polypeptide having an amino acid sequence as set 
forth In SEQ ID N0b2^ 4« 6 or 8 , preferably a polynu- 
5 cleotlde having a homology of at least 80%, and more 
preferably a polynucleotide having a homology of at 
least 95%. The homology of a nucleic acid sequence may 
be represented by similarity evaluated with a score us- 
ing « for example « the search program BLAST which uses 
10 an algorithm developed by Altschul et al., J. Mol. 
Biol*, 215, 403-410(1990)). 

An * oligonucleotide derivative" includes a nu- 
cleotide derivative, or refers to an oligonucleotide 

15 having different linkages between nucleotides from 
typical linkages. Examples of such an oligonucleotide 
specifically Include 2' -0-methyl-ribonucleotide, an 
oligonucleotide derivative In which a phosphodlester 
bond in an oligonucleotide Is converted to a phos~ 

20 phorothloate bond, an oligonucleotide derivative in 
which a phosphodlester bond in an oligonucleotide is 
converted to a N3'-P5' phosphoroamidate bond, an oli- 
gonucleotide derivative in which a ribose and a phos- 
phodlester bond in an oligonucleotide are converted to 

25 a peptide-nucleio acid bond, an oligonucleotide deriva- 
tive in which uracil In an oligonucleotide is substi*- 
tuted with C-5 propynyl uracil, an oligonucleotide de- 
rivative in which uracil in an oligonucleotide is sub- 
stituted with C-5 thlazole uracil, an oligonucleotide 

30 derivative in which cytoslne in an oligonucleotide is 
substituted with C-5 propynyl cytoslne, an oligonucleo- 
tide derivative In which cytoslne in an oligonucleotide 
is substituted with phenoxazine -modified cytoslne, an 
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ollgonuolaotlde derivative In which rlbose in DNA Is 
substituted with 2'-0-propyl rlbose « and an oligonu- 
cleotide derivative In which rlbose in an oligonucleo- 
tide is substituted with 2 ' -methoxyethoxy rlbose. 

5 

Ae used herein^ "amino acid' may be natural or 
unnatural as described above. "Amino acid derivative" 
refers to a substance which is different from a natural 
amino acid but has similar function to th^ original 
10 amino acid^ Such an amino aold derivative is well known 
in the art^ 

As used herein, nucleotide" may be natural or 
unnatural as described above. ""Mucleotide derivative" 
15 refers to a substance which is different from a natural 
nucleotide but has similar function to the original nu*- 
cleotlde. Such a nucleotide derivative is well known in 
the art- 

20 As used herein, the term ^epitope" refers to an 

antigenic determinant whose structure Is clear. Methods 
for determining epitopes are well known in the art, and 
those skilled in the art OEin determine such well known 
and commonly used technology to produce the same once 

25 the nucleic acld or amino acid primary seQpienca infor-^ 
matlon is available. Generally, in order to use as an 
©jpltope such a sequence requires a length of at least 3 
such amino acids, and preferably, at least a length of 
4, 5, 6, 7, 8, 9, 10, 15, 20 or 25 such amino acids » 

30 

As used herein, the term "biological activity'' 
refers to activity possessed by an agent (e.g., a poly- 
peptide or protein etc*) within an organism, including 
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activities exhibiting various functions. For example, 
when a given agent Is an enzyme, the biological activ- 
ity thereof Includes the emzymatlo activity thereof . In 
another example, when a given agent Is a llgand, the 
5 biological activity thereof Includes binding of the 
agent to a receptor for the llgand. In a protein having 
a WIF domain which is an embodiment of the present In* 
vention, such a biological activity includes at least 
one binding activity to a receptor of the Wnt family. 

10 

As used herein, the term * variant" refers to a 
substance, such as a polypeptide, polynucleotide, or 
the ll]ce, which differs partially from the original 
substance. Examples of such a variant include a substl- 

15 tution variant, an addition variant, a deletion variant, 
a truncated variant, an allelic variant, and the like. 
The term ''allele" as used herein refers to a genetic 
variant located at a locus identical to a corresponding 
gene, where the two genes are distinguished from each 

20 other. Therefore, the term 'allelic variant' as used 
herein refers to a variant which has an allelic rela- 
tionship with a given gene. The term "^species homolog" 
or "homolog" as used herein refers to one that has a 
nucleotide homology with the nucleotide sequence of a 

25 given reference nucleic acid. Homologs are typically 
polynucleotides which hybridize to the reference nu« 
oleio acid molecule under stringent conditions. In ref- 
erence to a nucleic acid molecule of the present inven- 
tion, ^'homolog' refers to a nucleic acid molecule hav- 

30 ing a nucleic acid sequence having homology with the 
niiblelo acid sequence encoding the amino acid sequence 
of the protein, and has the same or similar biological 
function with that of the present invention. Accord- 
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Ingly, the ''homolog" and "variant" Is a concept which 
partially overlaps to each other. The term "homolog' as 
used herein refers to one that has an amino acid or nu- 
cleotide Homology with a given gene In a given species 
5 (preferably at least 60% homology, more preferably at 
least 80%, at least 85%, at least 90%, and at least 95% 
homology) . A method for obtaining such a homolog is un- 
derstood from the description of the present specifica- 
tion. For example « a homolog of WIF-I of the present 
10 invention can be a homologous gene of the same species 
or a gene corresponding to that of the other species. 
Thus, the protein having a WIF domain of the present 
invention includes all the homologs of WIF-1. 

15 As used herein, when it is necessary to introduce 

a vector, a method for Introducing a vector may be any 
method so long as the method can introduce a DNA into a 
cell. Such a method includes transf ection, transduction, 
transformation, and the like (for example, electropora- 

20 tion methods, particle gun (gene gun) methods, or the 
like) . 

When a gene is mentioned herein, the term "veo» 
tor" or "recombinant vector" refers to a vector capable 

25 of transferring a polynucleotide sequence of interest 
to a target cell. Such a vector includes those capable 
of self -replication or incorporation into a chromosome 
in a host cell (e.g., a prokaryotio cell, yeast, an 
animal cell, a plant cell, an insect cell, an Individ-* 

30 ual animal, and an individual plant, etc.), or those 
containing a promoter at a site suitable for transcrip- 
tion of a polynucleotide of the present invention. £>ro- 
meters may be those capable of enhancing expression in 
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a host Gell such an colls yaaat or the llke« These 
will Include trp promoter (Ftrp), lac promoter (Plac), 
PL promoter, PR promoter, PSE promoter Or and the like, 
promoters derived from E.coll and phages and the like, 
5 SPOl promoter, SP02 promoter, penP promoter and the 
like. Artificially modified promoters such as those 
having two Ptrp tandemly located (Ptrp x2), tao pro- 
moter/ lacT7 promoter, letl promoter and the like may 
be used. 

10 

A vector suitable for cloning is referred to as 
"cloning vector". Such a cloning vector ordinarily con- 
tains a multiple cloning site containing a plurality of 
restriction sites. Restriction sites and multiple clon- 
15 Ing sites are well known in the art and may b6 appro- 
priately or optionally used depending On the purpose. 
The technology is described in references as described 
herein (e.g., Sambrook et al. (supz^a)). Such vectors 
include , for example , plasmids . 

20 

""Recombinant vectors" for prokaryotlo cells in- 
clude pBTrp2, pBTacl, pBTac2 {both available from Roche 
Molecular Bioohemicals ) , pKK233-2 (Pharmacia) , pSE2B0 
(Invitrogen) , pGEHEX-1 (Promega), pQE-8 (QIAGBN)/ 

25 pKYPlo (Japanese Laid-open Publication No.i 58-110600), 
PKYP200 ( Agrio. Biol. Chem, ,48,669(1984)) , pLBAl (Ag- 
ric, Biol. Chem., S3, 277 (1989)), pGELl 
( Proo . Nat 1 . Acad . Sci . USA ,82,4306(1985)), pBluesor ip t I I 
SK+(Stratagene) , pBluesoript li SK( - ) (Stratagene) , 

30 pTrsBO (PERM BP-5407), pTrs32 (PERM BP-5408), pGHA2 
(PERM BP-400), PGKA2 (PERM B-6798). pTerm2 ( Japanese 
Laid-open Publication No.s 3-22979, US4686191, 
US4939094, US5160735), pBG400 



7. Sep. 2004 23:44 



S, YAMAMOTO OSAKA 



47 - 



NO. 8003 P. 62/149 



( J. BacterJLOl. ,172,2392(1990) ) , pGEX (Phazmacla) . pET 
Bystems (Novagen ) , pSupex , pUBllO , pTP5 , pC194 , pTrxFus 
( Invitrogen ) , pMAL-c2 (New England BlolaDs), pUClp 
(Gene, 33, 103(1985) ) , pSTV28 (TaKaRa) , pUCllS (TaKaRa) , 
5 pPAl (Japanese Lald-Open Publication No.: 63''233798), 
and the like. 

"Recombinant vectors'' for yeast celld Include 
YBplS (ATCC37115), YEp24 (ATCC37051), YCp50 (ATCC37419). 
10 PHS19, PH515 and the like. 

"Recmoblnemt vectors' for animal cells Include 
pcDNAl/Amp, poDNAI, pCDMS (all from available from Fu- 
nakoshl) , pAGElQT (Japanese Laid-open Publication No.: 
15 3-229) (Invltrogen) , pAGE103 

( J. Bloohem. .101,1307(1987) ) , pAMo, pAMoA (J. Biol, 
. Cham., 268, 22782-22787(1993)) and the like* 

iESxemplary "recombinant vectors'' for plant cells 
20 Include Ti plasmld, tobacco mosaic virus vector and the 
like. 

Exemplary "recombinant vectors" for insect cells 
include PVL1392, pVLl393, pBlueBacIIZ (all available 
25 from Invltrogen) and the like. 

As used herein, the tea:m "transf ormanf refers to 
the whole or a part of an organism, such as a cell^ 
which is produced by transformation. Examples of a 
30 transformant Include a prokaryotlc cell, yeast, an ani- 
mal cell, a plant cell, an insect cell, and the like. 
Transformants may be referred to as transformed cells, 
transformed tissue, transformed hosts, or the like, de- 
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pending on the subject. 



When a prokaryotio cell Is uaefl herein for ge- 
netic operationiB or the like, the prokaryotio cell may 
5 be ofr for example, the genus E3Gher'lGhi&, the genus 
Serratia, the genus Bacillus, the genus Brevlbacterliim, 
the genu© CQryn^baot^r-lvnp , the genus Microbaaterlum, 
the genus Peeudomonas, or the like. Specifically, the 
prokaryotio cell is, for example, EsGherichla coll XLl- 

10 Blue, Eschorlchla coll XL2-Blue, Escherichia coll DHl, 
Esaheriahla coll MClOOO, Escherichia coll Ky3276, Es- 
cherichia coll W1485, Escherichia coll JM109, Ss- 
cherlohla coll HBlOl, Escherichia coll No. 49, Es- 
cherichia coll W3110, Escherichia coll NY49, Es- 

15 cherichia ooli BL2l(DE3}, Egch&riahia cqH 

BL21(DE3)pLysS, Escherichia coll HMS174(D£3)i Eg- 
aherlchia cell HMS174(DE3)pLysS, Serratia flcarla, Ser- 
ratla fontioola, Serratia liquefaciens, Serratia 
maroescena, Baalllue subtllis. Bacillus amyloliquefa" 

20 dens, Brevibacterlum ammmoniagenes ^ Brevlbacterlum Im^ 
mariophiltm ATCC14068, Brevlbacteritnn saccharolytlcum 
ATCC14066, Ccryneh^cterlvtm fflutamlcum ATCC13032, Cory- 
niebaoterlum glutamicum ATCC14067, Corynebacterlum glu- 
tamlcum ATCC13869, Corynebacterlum acetoacidophllum 

25 ATCC13870/ Mlcrobaaterium ammoniaphiltm ATCC15354, 
Paeudomonas sp. D-0110 or the like. 

When a yeast cell is used herein, suoh a cell in- 
cludes yeast cells belonging to the genus SacchaJromyoes , 
30 genus Schisosacoharomyaes , the genus Kluyveromyces , the 
genus Trichosporonm, the genus SahwannlomyceB , and spe- 
cifically include, for eatample, Saccharomyces cere- 
vlslae, Schlsosaocharomyces pombe, Klt^yveromyces lactls. 
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Trlahosporon pullulans, SchwannlomyoeB alluvluSf Plohla 
paetorls and the like. A method for introducing suoh a 
recombinant vector may be any method for introducing 
DNA into a yeast, and induces electroporation methods 
5 [ Methods, Enzymol. ,194,182(1990) 1 , spheropiaet methods 
[Proo-Natl.Acad.Sci. USA, 84, 1929(1978) ] , lithium acetate 
methods (J.Bacteriol. ,153,163(1983) ] , a method de- 
scribed in Proc. Natl. Acad^Sci, USA, 75, 1929(1978) and the 
like. 

10 

Examples of an animal cell as used herein in- 
cludes a mouse myeloma cell, a rat myeloma cell, a 
mouse hybridoma cell, a Chinese hamster ovary (CHO) 
cell, a baby hamster kidney (BHK) cell, an African 

15 green monkey kidney cell, a human leukemic cell, 
HBT5637 (Japanese Laid-Open Publication No. 63-299), a 
human colon cancer cell line, and the like. The mouse 
myeloma cells include pb20, NSO, and the like. The rat 
myeloma cells include YB2/0 and the like. Hiaman embryo 

20 kidney cells include HEK293 ( ATCCjCRL-1573) and the 
like. The htunan leukemic cells include BALL-i and the 
like. The African green monkey kidney cells include 
COS-i, COB- 7, and the like. The human colon cancer cell 
lines include HCT-IS, and the like. 

25 ^ 

Plant cells include those of potato, tobacco, 
maize, rice, oilseed, soybean, tomato, carrot, wheat, 
barley, rye, alfalfa, linum and the like. A method for 
introducing such an expression vector may be any method 
30 for introducing DNA into a plant cell, and include, for 
example, Agrobacterium methods (Japanese Laid-Open Pub- 
lication Noe.j 59-140885, 60-70080, WO 94/00977), elec- 
troporation methods (Japanese Laid-open Publication 
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No^t 60-251887), particle gun (gene gun) methods (Japa- 
nese Patent Nos. 2606856 and 2517813) and the like* 

An insect celX includee a cultured cell derived 
5 from ovarian cells of Spodoptera fruglparda, or Bombyx 
mojrl ovary. SpdoptBra fx-ugiperda, ovarian cells include 
Sf9/ Sf21 (Baoulovirus Expression Expression Vectors: A 
Laboratory Manual) or the like, Trlchoplusla nl ovarian 
cells include High 5, BTI-TN-5B1-4 (Invltrogen) or the 
10 like, cultured cells derived from Bombyx morl ovary in- 
clude as an example Bombyx morl N4* 

A method for producing a polypeptide or the salt 
thereof can employ any well known technology In the art 

15 and include for example, a. method wherein a treuisfor- 
mant such as prokaryotlo cell, yeast cell, animal cell, 
plant cell, insect cell and the like including a recom- 
binant vector with a DNA encoding the polypeptide of 
the present invention incorporated therein is cultured 

20 according to an ordin€u:y culture method, the polypep- 
tide of the present Invention is produced and accumu- 
lated, and the polypeptide of the present Invention Is 
obtained from the culture to produce the polypeptide of 
the present invention . 

25 

As used herein, the term 'antibody' Is used in 
its ordinary sense, which is well known to those 
Skilled in the art« As used herein, the term " antibody 
encompasses the whole molecule and a fragment thereof, 
30 a derivative thereof, a conjugate thereof, and the like. 
Preferably, antibodies, which are preferably used in 
the present invention, recognize a polypeptide of the 
present invention, more preferably in a specific manner. 
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Such antibodies may be polyalonal antibodies or mono- 
clonal antibodies. 

The cell or cell composition prepared by using 
5 the agent of the present Invention can be provided in 
any foiinulatlon format so long as the format is appro- 
priate for introduction into the living organism* Such 
a formulation format includes for example a liquid 
agent, an Injection agent, a sustained release agent or 
10 the like. Administration routes include oral admini- 
stration r parental administration , direct administra- 
tion to a diseased site, and the like 

Injection drugs can be prepared using techniques 
15 well known in the art. For example, an agent of the 
present invention is dlsGolved in an appropriate sol- 
vent (physiological saline, buffer (e.g., PBS, etc.), 
sterilized water, etc,)* followed by filter sterimsa- 
tion using a filter, or the like. Thereafter, the solu- 
20 tlon is placed into a sterile container (e.g., an am- 
poule, or the like). Thus, an injection drug can be 
prepared. The injection drug may contain a commonly 
used phazmaceutlcal carrier if required. An adminlstra-- 
tlon method using a non»lnvasive catheter may be em« 
25 ployed. 

In one embodiment, an agent of the present inven- 
tion may be provided In a sustained-release form. When 
administered in a sustained- release form, an active 
30 component (e.g., a nucleic acid or a polypeptide) is 
effective if efficacy thereof can be expected over a 
long time due to sustained release. Any sustained- 
released dosage form may be used in the present inven- 
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tlon. Exampldd of suatalned-release dosage forms In- 
clude, but are not limited to, rod-like formulations 
(e.g., pellet -like , cylinder-like , needle-like formula- 
tions , etc . ) , tablet f ormulat lone , disk- like formula- 
5 tions, sphere-like formulations, sheet-like formula- 
tions, and the like. Methods for preparing sustained- 
release dosage forms are well knovm in the art, as de- 
scribed in, for example, the Japanese Pharmacopeia, the 
U.8. Pharmacopeia, Pharmacopeias of other countries, 

10 and the like. Examples of a method for producing sus- 
tained-release drugs Include, but are not limited to, a 
method ueing disaggregation of a drug from a complex, a 
method for preparing an aqueous suspended liquid drug, 
a method for preparing an oil injection liquid or oil 

15 suspended injection liquid, a method for preparing an 
emulsified ihjection liquid (o/w or w/o type emulsified 
injection liquid, or the like), and the like. 

As u$ed herein, polypeptide expression may be 
20 ""detected" or "quantified" by an appropriate method, 
including mRNA measurement and immunological measure- 
ment methods. Examples of the molecular biological 
measurement methods include a Northern blotting method, 
a dot blotting method, a PGR method, and the like. Ex^ 
25 amples of the immunological measurement method include 
an ELISA method, an RZA method, a fluorescent antibody 
method, a Western blotting method, an immunohistologi- 
oal staining method, and the like, where a microtiter 
plate may be used. Examples of a quantification method 
30 include an ELISA method, an RIA method, and the like. 

As used herein, the term "amount of expression" 
refers to the amount of a poljnpeptide or mRNA expressed 
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m a cell of Intarast or the like. The amount of ex- 
pression Includes the amount of expression at the pro- 
tein level of a polypeptide of the present invention 
evaluated by any appropriate method using an antibody 
5 of the present Invention, including Immunological meas- 
urement methods (e.g., an ELISA method, a RIA method, a 
fluorescent antibody method^ a Western blotting method, 
an Immunohlstologlcal staining method, and the like, or 
the amount of expression at the mRNA level of a poly^ 

10 peptide of the present invention evaluated by any ap- 
propriate method. Including molecular biological meas- 
urement methods (e.g., a Northern blotting method, a 
dot blotting method/ a PGR method, and the like) . The 
term "change in the amount of expression' indicates an 

15 increase or decrease in the amount of expression at the 
protein or mRNA level of a polypeptide of the present 
Invention evaluated by an appropriate method including 
the above -da scribed immunological measurement method or 
molecular biological measurement method* 

20 

BEST MODE FOR CARRYING OUT THE INVENTION 
In one aspect, the present invention provides 'a poly- 
peptide having a WIF domain which maintains plurlpo- 
tency without differentiating a stem cell. As used 

25 herein, the "maintenance of undlf f erentlation (or with- 
out or no differentiation)" refers to maintaining an 
undifferentiated state or not making differentiated. 
Therefore, no differentiation and maintaining undiffer- 
entiated as well as suppressing differentiation are 

30 used herein to have the same meaning. Further, no dif- 
ferentiation refers to a state In which each of cells 
or cell groups in the early developing period of an or- 
ganism cannot be distinguished from a morphological or 
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functional point o£ view. 

In one embodiment^ the polypeptide of the present 
invention is WIF-1. WlF-1 preferably comprises a se- 
5 quence set forth in SEQ ID NOs: 2 (murine), 4 (human), 
6 (rat), 8 (Xenopus) or 10 (Zebrafish). More preferably, 
the polypeptide of the present invention comprises a 
sequenoe set forth in SEQ ID NO; 4 or a variant se- 
quence thereof. Still more preferably, the polypeptide 

10 of the present invention oompriaes a sequence set forth 
in SSQ ID NO: 4. WIF-1 Is an abbreviation of Wnt in- 
hibitory factor^l, and was reported in 1999 as a novel 
protein binding to Wnt protein and Inhibiting the ac- 
tivity thereof (Hsieh J-H,,et al.. Nature 398, 431-436, 

15 1999). Hsleh et al., Identified the gene product of 
WIF-1 and the expression pattern in human, mouse, 
Xenopus and Zebrofish, and proved the In vitro inhibi- 
tory activity of a Wnt protein. Hsieh et al., further 
reported that WIF-1 inhibited body segmentation and 

20 axis formation activity in X^nop^^, 

Wnt is known to be an agent controlling embryonic 
body axis formatlbn and organ formation (Cadlgan K.M. , 
and Nusse R,, Genes & Development 11 ;32B6-3305) . Wnt 

25 was found in separate studies in mouse (originally 
called as int-1), insect (Drosophila; originally called 
wg (wingless)) and later found in other organisms suoh 
as CaenorhabltlB elegans, a wide range of vertebrates 
including mammals Including humans, amphibians and the 

30 like. However, Wht has about 20 kinds of homologs such 
as Wnt-1, and there are a number of functions for the 
homologs. Some Wnt are believed to mediate stabiliza- 
tion of beta- oat enln in c?ytoplasm and the gene escpres- 
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slon associated thereof « however, there are also other 
types of Wnt suggested to be Involved in cancer forma- 
tion. As such, the Wnt family as a whole Is chaotic 
with raapeot to th© functions thereof. As a protein In- 
5 teracting with Wnt, Pz (Prlzaled) receptor is known, 
however, a number of funotlons are reported for the re- 
ceptor and are not yet clarified. 

Thus, WIF-1 was isolated as a factor having Wnt- 

10 inhibitory activity, however, the activity thereof has 
been unknown up to date. As WIF-1 has an EGP-like re- 
peat as apparent from the sequence thereof, in the pre- 
sent invention the differentiation regulation activity 
of such an EGF-like repeat is noted. In another aspect, 

15 it is also noted that the WIP domain corresponds to 
about position 30 to about 180 of the amino acid se- 
quence of mouse WIF-1 with respect to the differentia- 
tion regulation function thereof. In the present Inven- 
tion. It has bean clarified that a protein having a 

20 WlP-domaln optionally having an EGP-like repeat, has a 
function of expanding a cell ^rtille maintaining its 
pluripotenoy without differentiation optionally in the 
presence of an essential factor for survival such as 
SCP. Accordingly, m a preferable embodiment, the pre- 

25 sent polypeptide has a WIP domain and an KCP-llke re- 
peat. In another embodiment, the present polypeptide 
may be a different polypeptide having a EGP- like repeat. 
It has not been reported that a polypeptide having an 
EGF-like repeat has an activity suppressing differen- 

30 tlation without losing pluripotenoy of a hematopoietic 
stem cell. Therefore, by the present Invention, it is 
surprising that a large volume of culture of hematopoi- 
etlo stem eella . which are clinically applicable , has 
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been achieved; Tbus, In a preferable mbodiment, a stem 
cell used xn the present Invention may be a hematopol- 
etlo stem oell. 

5 The following methods may also be considered for 

cloning a gene of WIF-1. As has been found in a 

variety of organisms. It is considered that a portion 
Of the amino add sequence thereof is conserved in the 
process of evolution of living orgsuxisms* Accordingly, 

10 a DNA sequence corresponding to a conserved amino acid 
sequence (for exaixa>le, a WIF domain or an EGF-like do- 
main or the like) is designed for use as a primer in a 
RT-PCR (reverse transcription polymerase chain reac- 
tion) and proliferation of an equivalent of another 

15 living organism corresponding to the polypeptide of the 
present invention, may be obtained. Aocordlngly, such 
an equivalent is also within the scope of the present 
Invention. Further, a sequence obtained by conducting a 
homology search against genome databases such as the 

20 human genome project, or gene Information databases 
such ae GenBank or the like using software such as 
BLAST, is also within the scope of the present inven- 
tion. 

25 A sequence obtained by screening a cDNA library 

of ah organ using a fragment found In such an homology 
search as a probe to clone genes having a longer gene 
sequence, or full-length genes, is also within the 
scope of the present invention- Such a screening method 

30 includes a method using a radioisotope or not. Further, 
a method without using a library such as 5 '-RACE, 3'- 
RACE or the like may be used. In another embodiment, a 
stem cell transformed with a vector containing a hu- 
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Glelo acid encoding a polypeptide aocording to the pre- 
sent invention is provided. 

In another aspect, the present invention provides 
5 a composition for maintaining a pluripotenoy of a stem 
cell with maintaining an undifferentiated state thereof. 
The present compoeltlon includes a polypeptide having a 
WIF domain. A composition according to the present in- 
vention optionally comprises a stem cell survival agent* 

10 As used herein, the term ""stem cell survival agent" is 
an agent considered to be essential for survival of a 
stem cell. Conventionally, the survival (and differen- 
tiation) of stem cells has been thought to require &CF. 
However, Ornits M,,et al* ( Immunity, Vol ,10, 173-182,1999) 

15 discovered a pluripotent hematopoietic stem cell which 
does not express c-Kit which ia a receptor to SCF. 
Therefore, SCF per se is not required for survival of 
all the stem cells. Further, SCF per se has no differ- 
entiation activity. Accordingly, a stem cell used 

20 herein may be propagated with maintenance of the undif- 
ferentiated state thereof and preserving the pluripo-* 
tency thereof in the presence of a polypeptide having a 
WIF domain so long as the cell is in the circumstances 
enabling the survival thereof. Usually, a stem cell fe- 

25 quires SCF as described above « preferably a stem cell 
propagates with maintenance of the undifferentiated 
state thereof and preserving the pluripotenoy thereof, 
in the presence of a polypeptide having a WIF domain 
(for example, WIF- 1). and SCF* Accordingly, in a prefer- 

30 able embodiment, the above -described stem cell survival 
agent is SCF. In the presence of SCF alone, as shown in 
the Examples herein, it has been clarified that a stem 
cell gradually loses the pluripotenoy thereof although 
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maintains the survival thereof. 

In another aspect « the present Invention provides 
a stem cell maintaining an undifferentiated State and 
5 having a plurlpotenoy J.n vitro In a preferable embodi- 
ment, the cell of the present Invention is a hematopol- 
etio stem oell^ Preferably, the stem cell of the pre- 
sent Invention having plurlpotency with maintenance of 
the undifferentiated state thereof In vitro, preserves 

10 Its plurlpotenoy for at least three days or at least 
five days^ preferably at least six days, more prefera- 
bly at least ten days, still more preferably, at least 
twenty days, thirty days* two months, three months, six 
months, one year. Naturally, there Is a fresh stem cell 

15 (for example, a hematopoietic stem cell) as a stem cell 
without differentiation and such stem cells preserve 
pliirlpotenoy . However, in the absence of an agent of 
the present invention ^ such a stem cell immediately 
differentiates or dies. Therefore, the fact that a stem 

20 cell can maintain an undifferentiated state for a long 
period of time as mentioned above (for example, days to 
years), is a significant effect which cannot be 
achieved by the conventional technology. it is also a 
significant effect that the function of a stem cell 

25 jixet after its isolation from the. host thereof cah be 
preserved for a long period of time, which oaiinot be 
attained by conventional methods. As used herein, a pe- 
riod for preserving plurlpotenoy refers to a period un- 
til the differentiation of the cell is determined for a 

30 certain direction. The determination whether or hot 
differentiation has been taken place can be easily con- 
ducted by any of a variety of known methods ^ and such a 
method Includes for example, colony assay. In an em- 
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bodlment, when the detezmlnatlon is oonduoted by a col- 
ony asfiay, a stem cell isolated in vitro aooordlng to 
the present invention, preserves its pluripotency for 
at least fourteen days. 

5 

In a preferable embodiment, the pluripotency 
which a cell according to the present invention, com- 
prises includes the capability of differentiation into 
the blood cells • 

10 

In another aspect, the present invention provides 
a long. period pluripotency maintaining cell composition • 
As used herein the term "long period pluripotency main- 
taining cell composition' refers to a composition com- 
15 prising a cell which is preferably a stem cell* and 
holds its pluripotency and does not differentiate for a 
long period of time (for example, at least three days, 
preferably at least five days^ more preferably, at 
least ten days, still more preferably at least twenty 
20 days, thirty days, two months, three months, six months, 
and one year). The long period pluripotency maintain- 
ing cell composition comprises a stem cell and a poly- 
peptide having a WIF domain. 

In one embodiment of the present invention, the 
above-mentioned stem cell may be a hematopoietic stem 
cellv In another embodiment, the above-mentioned stem 
cell may be another tissue stem cell. In wother em- 
bodiment , the above-mentioned stem cell may be an em- 
bryonic stem cell« 

Preferably, in the present composition, a stem 
cell is present at least at 10^ cells, preferably at 
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least at 2 X 10^ oe3J.B, at least at 5 x 10^ cells, at 
least at lO^ cells, at least at 2 x lO* cells ^ at least 
at 5 X 10' cells, at least at 2 x lO' cells, at least at 
5 X 10^ cells, at least at 10^ cells, at least at 2 x 
5 10* cells, at least at S x 10^ cells, at least at lO' 
cells, at least at 2 x 10^ cells, at least at 5 x lo' 
cells, at least at 10^ cells, at least at 2 x 10^ cells, 
at least at 5 x 10^ cells, at least at 10^ cells, at 
least at 2 x 10* cells ^ at least at 5 x 10^ cells, at 

10 least at 10^^ cells, or more tban at least at lo^'^ cells. 
An appropriate amount will vary aepenamg on the cir- 
cumstances used, and those skilled in the art can ap* 
proprlately determine such an amount depending on the 
condition of the agent used present in the composition 

15 used, and when used as a medicament, the condition of a 
patient, the condition of the diseases of the patient, 
the route of administration, the form of administration 
and the like. 

20 In a preferable embodiment, the above-' mentioned 

polypeptide having a WIF domain may be WIF-1 (for exam- 
ple, comprising a sequence set forth in SEQ ID Nos: 2, 
4, 6, 8 or 10). In a different preferable embodiment/ 
the polypeptide of the present invention may be a poly^ 

25 peptide having an SGF-like repeat and such a polypep- 
tide includes a member of the notch family protein 
(such as notch^l, notch'<2, jagged- 1, Dll-1, DLK or the 
like). The polypeptide of the present invention or the 
polypeptide used in the present invention may be a 

30 polypeptide of the natural form, and may be a recombi*^ 
nantly produced polypeptide, a synthetic polypeptide or 
a variant thereof so long as it is functionally equiva- 
lent thereto. The polypeptide of the present invention 
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may be provided to a stem cell In a focm of a nuolelc 
acid. In this case, the fitem cell may be transformed 
with a nualeio acid moleoule containing a nucleic acid 
sequence encoding the polypeptide of the present inven- 
5 tion. Methods for transformation are well known in the 
art and dBsorlbed in detail elsewhere in the present 
specification. Accordingly, those skilled in the art 
can conduct such transformations according to the 
teaching of the present . specif loation . 

10 

In a preferable embodiment, the above- described 
polypeptide c^n be present at least at 0.1 ng/ml. More 
preferably, the polypeptide may be present at least at 
1.0 ng/ml, at least at 2.0 ng/ml, at least at 5.0 ng/ml, 
15 at least at 20. 0 ng/ml, at least at 50.0 ng/ml, at 
least at 100.0 ng/ml, at least at 200.0 ng/ml, at least 
at 500.0 ng/ml, at least at 1.0 [ig/ml, at least at 2.0 
[ig/ml/ at least at 10.0 [ig/ml, at least at 100.0 |ig/ml 
or at least more than at l mg/ml. 

20 

In a preferable embodiment, the composition of 
the present invention further comprises a stem cell 
survival agent. Preferably, the stem cell survival 
agent may be SCP. The activity for maintaining pluripb- 
25 tency with an undifferentiated state is augmented by 
the coexistence of such a stem cell survival agent in 
addition to the polypeptide of the present invention. 

In a preferable embodiment, the above -described 
30 stem cell survival agent (for example, SCF) may be pre- 
sent at least at 0.1 ng/ml. More preferably, the stem 
cell survival agent (for example, SCP) may be present 
at least at 1.0 ng/ml, at least at 2.0 ng/ml, at least 
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at 5.0 ng/ml, at least at 20.0 ng/ml, at least at SO.O 
ng/ml, at least 100.0 ng/ml, at least 200.0 ng/ml, at 
least t 500 tO ng/ml. at least at 1.0 jig/na, at least at 
2.0 \ig/ml, at least at 10.0 (ig/ml, at least at 100.0 
5. M'g/ml or at least at more than l mg/ml. 

In anotlier preferable embodiment, the stem cell 
survival agent may be the TPO. The activity for main- 
taining plurlpotancy with an undifferentiated state may 
10 be augmented by the ooexistenoe of the TPO in addition 
to the polypeptide of the present invention. The TPO 
may augment the activity of maintaining pluripotenoy 
with undifferentiated state by the addition thereof in 
addition to the SCF and/or FL. 

15 

In a preferable embodiment, TPO may be present at 
least at 1.0 ng/ml, at least at 2.0 ng /ml, at least at 
5.0 ng /ml, at least at 20.0 ng /ml, at least at 50.0 
ng/ml, at least at 100.0 ng/ml, at least at 200.0 ng/ml, 
20 at least at 500.0 ng/ml, at least at l.O jig/ml, at 
least at 2.0 ng/ml, at least at 10.0 jig/ml, at least at 
100.0 ng/ml or at least more than at 1 mg/ml. 

In another preferable embodiment, the stem cell 
25 survival agent may be fit -3 llgand (PL). More prefera- 
bly, the activity for maintaining plurlpotency with an 
undifferentiated state is augmented by the aoexistenoe 
of a plurality of stem cell survival agents (for exam- 
ple, at least two, preferably three of SCP, TPO and fl 
30 and the like) In addition to the polypeptide of the 
present invention. 

In a preferable embodiment, PL may be present at 
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least at 0.1 ng/ml. More preferably « FL may be present 
I4O ng/ml/ at least at 2.0 ng/ml, at least at 5.0 ng/ml. 
at least at 20,0 ng/ml, at least at 50.0 ng/ml, at 
least at 100.0 ng/ml, at least at 200.0 ng/ml, at least 
5 at 500.0 ng/ml, at least at 1.0 \ig/ml, at least at 2.0 
(xg/ml, at least at 10. 0 |xg/ml, at least at 100.0 )ig/ml 
or at least at more than at 1 mg/ml. 

In a preferable embodiment, the present invention 
10 provides a composition for preparing differentiated 
cells. The differentiated cells may be used for treat- 
ing disorders of the blood cells. A method for prepare 
ing. differentiated cells from a stem cell is well known 
in the art, emd includes for example, a method for add- 
15 ing a hematopoietic factor and the like. 

In another aspect, the present invention provides 
a method for maintaining pluripotenoy without differen- 
tiating a stem cell. The method con^rises 1) providing 
20 the stem cell with a polypeptide having a WIF domain. 

In an embodiment of a method for maintaining 
piuripotency of a stem cell of the present invention, 
the above -described specific elements to be used in 
25 preferable embodiments of the above-described composi- 
tion, may be the specific elements of the method of the 
present invention. 

In one embodiment of the present invention, the 
30 above-described polypeptide having a WIF domain (for 
example, WIF-1 such as those polypeptides comprising a 
sequence set forth in SEQ ID NOj 2, 4, 6, 8 or 10) may 
be provided in the form of a polypeptide. In another 
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embodlmezit , the polypeptide may be provided In the form 
of a nucleic acid. In the case where provided In the 
form of a nuolelc acid, the method of the present in- 
vention further comprises the etep of transforming the 
5 stem cell with a nucl^lo aoid comprising a nucleic acid 
sequence encoding the polypeptide. 

In another emhodlment of the present Invention, 
the method of the present Invention further comprises 

10 the step of providing a stem cell survival agent (for 
example r SCF) to the stem oell« The stem cell survival 
agent may be provided before , after or at the same time 
of the provision of the polypeptide having a VIF domain. 
The stem oell survival agent may be directly provided 

15 In the form of polypeptide. In another embodiment, the 
stem cell survival agent may be provided In the form of 
a nucleic acid.. In the case where provided in the form 
of a nucleic acid, the method of the present invention 
further comprises the step of transforming the stem 

20 cell with a nucleic acid molecule comprising a nucleic 
acid sequence encoding the stem cell survival agent. 

In another aspect, the present invention provides 
a method for producing a long period pluripotenoy maln^ 
25 talning.cell composition. The present method comprlsds 
1) providing a stem cell; 2) providing the stem cell 
with a polypeptide having a WIF domain; and 3} collect- 
ing the stem cell treated. 

30 In embodiments of the method for producing a long 

period pluripotenoy maintaining oell composition, the 
above -described specific elements to be used in prefer- 
able embodiments of the above •-described composition. 
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may be the Bpecl£lc elements of the method of the pre-» 
sent invention. 

In an embodiment of the present Invention, the 
5 polypeptides having a WIF domain (for example, WIF^l) 
may be directly provided In the form of a polypeptide. 
In another embodiment « the polypeptide may be in the 
form of a nucleic acid. In the case where provided in 
the form of a nucleic acid, the production method of 
10 the present invention further comprises the Step of 
transforming the stem cell comprising a nucleic acid 
molecule comprising a nucleic acid sequence encoding 
the polypeptide. 

IS In another embodiment of the present invention, 

the production method of the present invention further 
comprises the step of providing a stem cell survival 
agent (for example, SCF) to the stem cell. The stem 
cell survival agent Is provided before, after or at the 

20 same time as the provision of the polypeptide having a 
WIF domain. The stem cell survival agent may be di- 
rectly provided in the form of a polypeptide. In an- 
other embodiment, the stem cell survival agent may be 
provided* in the form of a nucleic acid. In the case 

25 where provided in the form of a nucleic acid, the pro- 
duction method of the present invention further com- 
prises the step of transforming the stem cell with a 
nucleic acid molecule comprising a nucleic acid se- 
quence encoding the stem cell survival agent. The teoh- 

30 nology such as transformation and the like are well 
known in the art and described elsewhere herein* 

In another aspect, the present invention provides 
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a matHod for producing differentiated cells In a large 
scale. The method comprises the steps of 1) providing a 
stem cell; 2) providing a polypeptide having a WIF do- 
main to the stem cell? 3) collecting the thus treated 
5 stem cells; and 4) providing a differentiation factor 
to the stem cell. 

In an embodiment of a method for producing dif- 
ferentiated cells in a large scale of the present in* 
10 vent Ion » the above*- described specific elements to be 
used In preferable embodiments of the above -described 
composition « may be the specific elements of the method 
of the present Invention. 

15 In another embodiment, the polypeptide having a 

WIF domain (for example, WIF-1) may be directly pro- 
vided in the fonn of polypeptide. In another embodiment, 
the polypeptide may be provided in the form of a nu- 
cleic acid. The differentiation factor may also be pro- 

20 vlded in the form of polypeptide or nucleic acid. In 
the case where provided in the form of nucleic acid, a 
vector construct may be constructed so that the differ- 
entiation factor is aaepreesed later than the polypep- 
tide of the present invention and the stem cell may be 

25 transformed . with the construct. A method for producing 
and transforming such a vector construct is well known 
in the art and those skilled in the art can readily 
carry out such a method based on the teachings of the 
present application* 

30 

In another embodiment of the present Invention, 
the production method of the present invention further 
oomprlses the step of providing the stem cell with a 
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atem cell survival agent (for example, SCF). The stem 
cell survival agent may be provided before, after or at 
the same time of the provision of the polypeptide hav- 
ing a WIF domain. The stem cell survival agent may be 
5 directly provided in the form of polypeptide. In an- 
other embodiment, the stem cell survival agent may be 
provided in the form of a nucleic acid. In the case 
where provided in the form of a nucleic acid, the pro- 
duction method of the present invention further com- 
10 prises the step of transforming the stem cell with a 
nuolelc acid molecule comprising a nucleic acid se- 
quence encoding the stem cell survival agent* Technol- 
ogy such as transformation Is well known in the art and 
described elsewhere herein. In one embodiment . nu- 

15 oleic acid sequences encoding the present polypeptide 
and the stem cell survival agent may be engineered so 
as to reduce or stop the expression after a certain pe- 
riod of time* In such a case, a differentiation factor 
may be engineered to be expressed after a certain pe- 
so rlod of time. 

In another aspect, the present Invention provides 
a method for treating a disease or disorder derived 
from a disorder of differentiated cells. The method 

25 comprises the steps of l) administering a long period 
pluripotency maintaining cell composition comprising a 
stem ceil and a polypeptide having a WIP domain. The 
administration method may be any method well known in 
the art. Administration methods may herein include oral 

30 administration and parenteral administration (e.g., in- 
travenous, intramuscular, subautaneous , intradermal/ 
mucosal, intrarectal, intravaglnal, topical to an af- 
fected site, to the skin, etc.), direct administration 
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to affected portions, and the like. A prescription for 
such adminletratlon may be provided in any formulation 
form. Such formulation forms, include liquid formula- 
tions, injections, sustained preparations « and the like. 
5 Preferably^ the polypeptide having a WIF domain may in- 
clude a sequence set forth in SEQ ID NO: 4 or a variant 
sequence thereof, and preferably may be hiaman recombi- 
nant WIF-1. 

10 In an embodiment of a method for treating a dls-* 

ease or disorder derived from the disorder of a differ- 
entiated cell of the present invention, the above- 
described features in preferable embodiments for the 
above -described composition are also applicable for the 

15 specific features of the method of the present inven- 
tion. 

In another aspect, the present invention provides 
a method for treating a disease or disorder derived 

20 from a disorder of a differentiated cell. The method 
comprises a step of 1) administering a differentiated 
cell prepared from a stem cell processed with a poly- 
peptide of the present invention, to a subject. Any 
well known method for administration in the art miy be 

25 used for this method. Administration methods include: 
oral administration, parenteral administration (such as 
intravenous administration, intramuscular administra- 
tion, subcutaneous administration, intraderal admini- 
stration, mucous administration, intrarectal admini- 

30 stration, intravaginal administration, direct admini- 
stration to a diseased site, skill administration etc). 
A formulation for such an administration may be pro- 
vided in any formulation form. Such formulation formats 
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include for example, liquid agents, Injeatlons, sus- 
tained-release agents and the like. 

In an embodiment of a method for treating a dls- 
5 eaee or disorder derived from a disorder of a differen- 
tiated cell (for example, the blood cells) of the pre- 
sent invention, the above^^described specif la elements 
to be used in preferable embodiments of the above - 
described composition, may be the specific elements of 
10 the method of the present invention. 

The method for treatment of the present invention 
can be used for any living organism such as vertebrates 
or Invertebrates so long as the living organism can be 

15 subject to a disease or a disorder derived from a dif- 
ferentiated cell. In a preferable embodljnent, such a 
living organism may be vertebrate, more preferably, 
such a living organism may be a mammal (for example, 
rodent and the like), and still more preferably may be 

20 primates, and most preferably may be a human. 

Preparation protocols for preparing suoh a fozmu*^ 
latlon are known In the art and described in for exam- 
ple, Japanese Pharmacopoeia, U.S. Pharmacopoeia, and 
25 pharmacopoeia of the other countries, and the like. Ac- 
cordingly, based on the description of the present 
specif icatlon , those skilled in the art can determine 
the amounts of polypeptides and cells to be adminis- 
tered without undue experimentation. 

30 

Injection drugs can be prepared using techniques 
well known In the art. For example, an agent of the 
present invention is dissolved in an appropriate sol- 
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vent (physiological saline, buffer (e.g., PBS, etc.), 
sterlllsea water. etc.)> followed by filter steriliza- 
tion using a filter, or the like. Thereafter, the solu- 
tion iG placed Into a sterile container (e.g., an am- 
5 poule, or the like). Thus, an Injection drug can be 
prepared* 

The diseases or disorders which can be treated by 
the present invention may be those related to disorders 

10 of differentiated cells into which the stem cells used 
In the present Invention can differentiate. In a pref- 
erable embodiment, such a differentiated cell may be 
blood cells. Examples of the dlseeseis or disorders in- 
clude, but are not limited to, anemia (e.g., aplastic 

15 an^ia (particularly, severe aplastic anemia) , renal 
anemia, cancerous anemia, secondary anemia, refractory 
anemia, etc.), cancer or tumors (e.g., leukemia); and 
after ohemotherapY therefor, hematopoietic failure, 
thrombocytopenia, acute myelocytic leukemia (partiou- 

20 larly, a first remission (high-risk group), a second 
remlssioD: and thereafter) . acute lymphocytic leukemia 
(particularly, a first remission, a second remission 
and thereafter), chronic myelocytic leukemia (particu- 
larly, chronic period, transmigration period) , malig- 

25 nant lyna)homa (particularly, a first remission (high- 
risk group), a second remission and thereafter), muiti- 
ple myeloma (particularly, an early period after the 
onset), neutropenia and the like. In a preferablck em- 
bodiment, the diseases or disorders, which can be 

30 treated according to the present invention, may be hu- 
man diseases or disorders. 

By the stem cells of the present invention, a 
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number of side effects associated with conventional he^ 
matopoletlo cell transplantation therapy derived from 
natural sources (particularly, those associated with 
foreign substances or foreign cells, such as infection, 
graft -versus -host disease, and the like) are avoided. 
This effect is first attained by the present invention 
in which a technology for maintaining pluripotency of a 
cell with maintaining an undifferentiated state, and 
therefore should be noted to be surprising. Further, by 
maintaining pluripotency. of Stem cells with an undif- 
ferentiated state for a long period of time, it is now 
possible to produce pluripotent stem cells in a large- 
scale. In addition, it is also now possible to prepare 
a large number of differentiated cells from such a 
large number of stem cells cultured in a large scale. 
Such effect© cannot be attained by the conventional 
methods, and should be noted to be significant ♦ 

In another embodiment, the treatment method of 
20 the present invention may further comprise a step of 
administering another drug. Such another drug may be 
any drug known in the art, and formulations thereof in- 
clude for example, any formulation known in the pharma- 
ceutical field, including antibiotics. Naturally, such 
25 drugs may include two or more other drugs. Such drugs 
include for example, those listed in Japanese pharmaco- 
poeia the latest version, the United States pharmaco- 
poeia the latest version, or other country's pharmaco- 
poeia the latest version or the like. Such drugs may 
30 preferably be those having effects on the hematopoietic 
System. . 

In other embodiment « the above-mentioned cells 
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may Include two or more kinds of cells. When two or 
more kinda of cells are used, cells having Identical or 
similar properties or origin, or different properties 
or origin may be used. 

5 

The amount of an agent or cell used in the method 
of the present Invention can be easily determined by 
those skilled In the art with reference to the purpose 
of use ^ the subject's age, size, sex, and case history, 
10 the form or type of agent or cell, and the like. 

The frequency of the method of the present Inven- 
tion which Is applied to a subject Is also determined 
by those skilled In the art with respect to the purpose 

15 of use, the subject's age, size, sex, case history, the 
progression of the therapy, and the like* Examples of 
the frequency Include once per day to once per several 
months (e.g», once per week to once per month)* Pref- 
erably, administration is performed once per week to 

20 once per month with reference to the progression. 

In another aspect, the present Invention provides 
a pharmaceutical composition for treating a disease or 
disorder derived from disorders of differentiated cells* 

25 The pharmaceutical composition includes a stem cell; a 
polypeptide having a HIF domain; and a pharmaceutlcally 
acceptable carrier. Preferably^ the polypeptide having 
a wiF-l domain may Include the sequence set forth In 
SBQ ID NO; 4 or a variant sequence thereof, and may be 

30 human recombinant WIF-1. 



In one embodiment, the object disease or disorder 
of the pharmaceutical composition may be any one de- 
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soribed herein above. 

In a variation of the embodiments of a pharmaceu- 
tlcai composition of the present invention, any spe- 
5 clflG elements to be applied In the preferable embodi- 
ments of the above-mentioned oomposltlon may be applied 
to the speolfla elements of the pharmaoeutlcal composi- 
tion of the present Invention. 

10 In another aspeot, the present Invention provides 

a pharmaceutical composition for treating a disease or 
disorder derived from a disorder of differentiated 
cells. The phainnaaeutlcal composition comprises a dif- 
ferentiated cell prepared from a stem cell processed 

15 using a polypeptide of the present Invention; and a 
pharmaceutlcally acceptable carrier. 

In onlB embodiment, the objects of the present 
pharmaceutical composition are the seme as described 
20 herein above* 

In a variation of the embodiments of the present 
pharmaceutical composition, the particular elements in 
a number of preferable embodiments of the present com- 
25 position can be applied to specific elements to be in- 
cluded in the pharmaceutical oomposltlon of the present 
Invention. 

Pharmaceutlcally acceptable carriers Included in 
30 the pharmaceutical composition of the present invention 
include any material known in the art. Examples of such 
em appropriate materials or pharmaceutical acceptable 
agents include, but are not limited to, antioxidants. 
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preservatives, colorants, flavoring agents, diluents, 
emul&lflerfit, suspending agents, solvents, fillers, 
bulking agents, buffers, delivery vehicles, and/or 
ptiasnnaceuticai adjuvants. Representatively, a medlca- 
5 ment of the present Invention Is administered In the 
form of a composition comprising an active component of 
the present invention (e.g., a polypeptide, a nucleic 
acid, or the llKe) with at least one physiologically 
acceptable carrier, exclplent or diluent. For example, 
10 an appropriate vehicle may be an Injection solution, a 
physiological solution, or artificial cerebrospinal 
fluid, which can be supplemented with other substances 
which are commonly used for compositions for parenteral 
delivery. 

15 

Examples of appropriate carriers include neutral 
buffered saline or saline mixed with seruiti albumin. 
Preferably, the product is formulated as a lyophilizate 
using appropriate exclplent s (e.g. , sucrose) . Other 

20 standard carriers, diluents, and exclpients may be In- 
cluded as desired. other exemplary compositions com- 
prise Trls buffer of about pH 7.0-8.5, or acetate 
buffer of about pH 4.0-5.5, which may further include 
sorbitol or a suitable substitute therefor. The pH of 

25 the solution or V€u:lou& other pH's should be selected 
based on the relative solubility of a polypeptide of 
the present invention. 

Solvents for use in preparing a composition may 
30 be either aqueous or nonaqueous. Vehicles for the com*" 
positions may contain other components for modifying or 
maintaining pH, osmolarlty, viscosity, transparency, 
color, sterility, stability, isotonlclty, disintegra- 
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tlon rate, or small of the formulation* Similarly , a 
composition of the present invention may contain other 
component 8 for modifying or maintaining the release 
rate of an effective coiqponent or absorption or perme- 
5 ability of an effective component. 

A composition of the present invention may be 
parent er ally administrated. The composition may be in- 
travenously or subcutaneous ly administrated » When ad- 

10 ministrated sy^temlcally, the therapeutic composition 
for use in the present invention may be in a form of an 
aqueous solution which is orally acceptable and pyro- 
gen-free. The preparation of such pheirmaceutlGally ac- 
ceptable compositions, with due regard to pH, isotonic- 

15 ity, stability and the like, is within the skill of the 
art.. 

The therapeutic formulation of the present inven- 
tion may be prepared for storage by mixing a selected 

20 compoaltj.oji having the desired degree of purity with 
optional physiologically acceptable carriers, exoipi- 
ents, or stabilizars (Japanese Pharmacopeia; Reming- 
ton's Pharmaceutical Sciences, 18th Edition, A» R. Gen- 
naro, ed.. Mack Publishing Company, 1990; and the likei), 

25 in the form of lyophilized cake or agueous solutions. 

Acceptable carriers, exciplents or stabilizers 
used herein preferably are nontoxic to recipients and 
are preferably inert at the dosages and concentrations 
30 employed, and preferably include phosphate, citrate, or 
other organic acids ; antioxidants (e.g., ascorbic 
acid); low molecular weight polypeptides; proteins 
(e.g., serum albumin , gelatin « or immunoglobulins } ] hy- 
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drophlllc pol:s^er6 (e.g., polyvlnylpyrrolldond) ; amino 
acids ( d « 9 • • glycine « glutamlne , asparaglne , arglnlne 
or lysine); monosaooharldeBi dlsaccharides , and other 
carbohydratdd (glucose, mannose, or dextrlns); chelate 
5 ing agents (e;g*« EDTA) ; sugar alcohols (e.g., xnannltol 
or sorbitol); salt-forming oounterlons (e.g., sodium); 
and/or nonlonlo surfactants (e.g., IVeen, pluronics or 
polyethylene glycol (PEG)). 

10 Cells, compositions or the like of the present 

Invention can be used not only just after the prepare* 
tlon thereof, but also after storage for a certain pe- 
riod of time such as about one day, about two days* 
about three days, about four days, about five days, 

15 about six days, about seven days, about two weeks, 
about three weeks, about four weeks « about two months, 
about three months, about four months, about five 
months, about six months, about one year or the like, 
under for example, about 4 degree Celclus, about -18 

20 degree Celclus, about -70 degree Celclus, or under liq- 
uid nitrogen or the like. 

Hereinafter, the present invention will be de- 
scribed by way of examples. Examples described below 
25 are provided only for Illustrative purposes* Accord- 
ingly, the scope of the present Invention Is not lim- 
ited except as by the appended claims . 

EXAMPLES 

30 

(Example 1; Recombinant WIF-1 preparation) 
1 . 

PA- 6 cell line was kindly provided from Dr. Hlro- 
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stii KODAHA at Cu University and was cultured In Mlnumum 
Essential Medium Alpha Medium (a-MEM) (Sigma, St. Louis, 
USA) with 10 % fetal calf serum added at 37 under 5% 
CO2 until confluent. 

-5 

PA^6 cells were collected and the mRNA thereof 
was Isolated using a QulckPrep mRNA purification kit 
(Amersham Pharmacia Biotech, Uppsala, Sweden) and thus 
oDNA was Synthesized using Superscript® RnaseH-reverse 
10 transcriptase (Invtrogen, Gronlngen, The Netherlands) 
for use in degenerate PGR* 

Prom the conservative sequences of BGF-llKe re- 
peats of the Notch family, degenerate primers of SEQ ID 
15 Nos: 11 2uid 12 were synthesized and a partial sequence 
of the WIF-1 gene was Isolated under the following con- 
ditions t 

a) Reaction Mixture 

Primers (S£Q ID Nosi 11 and 12) 10 ^M each; cDNA 
20 1,500 ng/ml; dNTPs 0.25mM each; polymerase, 0.5 

U/ml (TakaraTaq, TaKaRa, Shiga, Japan); buffer t 
0.15m M MgCl2, lOmM Tris-HCl (pH 8.3), 50 mM KCl, 

b) Reaction cycle 

(1) 94 60 seconds, 1 cycle; 
25 (11) 94 *C , 20 seconds; 60 X: , 20 sec- 

onds; 72 *C, 20 seconds; 30 cycles; 
(ill) 72 "C, three minutes, 1 cycle. 

After gel electrophoresis of the reaction prod- 
30 uots, a nucleic acid fragment having about 180 bp was 
collected and sequenced to confirm that the fragment was 
a fragment derived from the WIF-1 gene. 
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Thl,B fragment was used as a hybrl^lsscitlon probe 
to Isolate a full- length clone of the WIF-^l from House 
Day 15 Embryo 5'-Stretoh Plus oDNA Library (Clonetech, 
Palo Alto, California « USA). The sequences thereof are 
5 shown in seq id NOt i (nuolelo acid) and SBQ ID NO: 2 
(amino aold sequence). 

(2. Expression and Purification of Recombinant 

WIP-l) 

10 The full-length clone of the WIF-1 as isolated in 

1. above, as digested with restriction enzymes Xhol and 
Nhel and the resultant fragment was llgated to the 
pCA66S-6Hl8 vector. In which a 6-* His sequence having 
restriction sites In the pCAGGS vector provided from Dr. 

15 Jun-lohi MiYAZAKi, Kumamoto University, was inserted, 
(SEQ ID NOi 13), and this vector was designated as 
pCAGGS/mWIF- 1-6H1S . 

The pCAGGS/mWIF-l-6His was transduced into COS? 
20 cells by the calcium phosphate method, and the cells 
wore cultured in DMEM (Dulbecco's Modified Eagle Me- 
dium) supplemented with 10 % FCS, under 5% CO3, at 
37. until confluent. 

25 A recombinant HIF*-1 was purified from the trans- 

duced COS 7 cells using the following methods. The cul- 
ture supernatant was passed through a Nickel -column 
(His Trap, Amersham Pharmacia Biotech), and thus mWIF-1 
was bound to the column. in order to remove non- 
30 ispeclflo bound proteins, the column was washed well 
with phohaphate buffer with 100 mM imidazole added, and 
then mWIF-l-6Hia was eluted with a phosphate buffer 
With 300 raM imidazole added. The eluant included imlda- 
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zole which is cytotoxic, and thus the l^uffer was re- 
placed with PBS using gel chromatography (PD-iO column, 
Amersham Pharmacia Biotech). The resultant purified 
protein was subjected to electrophoresis using SDS-PA6E 
5 and silver-Stained to confirm the degree of purifica-' 
tion. 

(Example 2i Separation of CD34' KSL cells using 

FACS) 

10 It is known that with respect to hematopoietic 

cells in bone marrow « hematopoietic stem cells with 
high, purity can be separated by the use of separation 
of CD34 negative or weak negative, c-Klt positive, Sca- 
1 positive, differentiation antigen (Lin) negative 

15 cells (CD34* KSL cells) (Osawa, M. et al.. Science, 273t 
242-245» 1996) . In this example^ the following method us-' 
Ing FACS was applied to separate CD34~KSL cells. The 
scheme therefor is shown In Figure 2. 

20 (1- Preparation of bone marrow cell suspension) 

The femur and tibia were removed from the lower thigh 
of B6 mice of about eight to ten weeks age. The muscle 
and fat tissues and the like were removed to separate 
bone only. Both ends of a tubular bone was subjected 

25 to resection and a syringe with a needle connected 
thereto was used to inject PBS (phosphate buffered sa- 
line) from one of the ends to obtain the contents of 
the bone (bone marrow] . The bone marrow was suspended 
in PBS (phosphate buffered saline) and passed through a 

30 nylon filter {lo \m) to remove cell aggregates and tis- 
sues such as contaminated muscles. The cell number in 
the cell suspension, which was filtered by the nylon 
filter, was counted (usually, 4-^5 x 10^ cells were 6b- 
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taXneA)r ^nd the cell concentration was controlled to 
about 1 X 10^ cells /ml by adding PBS. About 5 tax of the 
call suspension was overlayed to Sml Flcoll ( Lymphoprep , 
Nycomed (Oslo« Norway) ) , centrifuged at room temperature, 
5 400xg for 20 minutes to remove erythrocytes and neutro- 
phils • After oentrlfugatlon, cells in the boundary sur- 
face were collected and washed twice with staining me- 
dium (SNs PBS containing 5% bovine fetal serum and 
0.05 % NaNa) and the cell number was counted. Usually, 
10 about half of the cells before the centrlfugation were 
recovered. 

Biotlnylated lineage antibodies (0*01-0.1 (ig/ml 
of anti-MaG->l antibody (clone: Ml/70) as a final concen- 

iS tration, 0.01-0.1 \ig/ml of ahti Gr-1 antibody (clone: 
RB6-'8C5) as a final concentration, 0.01 ^ 0.1 |xg/ml of 
anti B220 emtlbody (clone? RA3-6B2) as a final concen- 
tration, 0.01 - 0.1 [ig/ml of antl CD4 antibody (clone: 
RM4-5) as a final concentration, 0^01 - 0,1 jAg/ml of 

20 anti CDS antibody (clone; 53-6.7) as a final concentra- 
tion^ 0.01 - 0.1 Jig/ml of anti erythrocyte antibody 
(clone: anti erythrocyte antibody TER 119); all avail- 
able from PharMingen (San Diego, USA)} were added to a 
cell suspension of about 1 « 10 x lO' cell/ml of the 

25 cells and the suspension was subjected to reaction on 
ice for thirty minutes. The suspension was washed twice 
with SM, and was resuspended in 100 ^1 of SM. 

In order to purify the cells resuspended in the 
30 SM, Dynabeads were used and were pretreated as fol- 
lowed s Btreptavidin treated Dynabeads (Dynabeads M- 
280:Dynal; Oslo, Norway) were added so as the concen- 
tration thereof became 5-6 beads/cell, and washed with 
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8M using a raasnetic stand. After washing, the Dynabeads 
were resuspended In 10 ml of SN. 

The cells resuspended In SM and the pretreated 
5 Dynaheads were reacted on Ice for thirty minutes. After 
the addition of 7 ml of SM, a magnetic stand was used 
to remove Linage positive cells (cells bound to bioti- 
nylated lineage antibodies) bound to Dynabeads from the 
oells were resuspended in SN, and the cell number was 
10 counted. Usually « about 5-10 t of the oells before re- 
moval remained. 



After oentrifugation (4 x, 400xg, five minutes), 
the following was added to the resultant cell pellets; 
15 1) biotinylated lineage antibodies (in the 

amount of 5-10 % as the amount in which it 
was used for the first time) 

2) 0.01-0.1 |ig/ml of phycoerythrin (PE) labeled 
anti-Sca-1 antibody (clone: E13-161.7) as a 

20 final concentration ; 

3) 0.01-0.1 |ig/ml of allophycooyanin (APC) la- 
beled anti c-Kit antibody (clone: ACK2 or 
2BB) as a final concentration! 

4) 0.01-0,1 [xg/ml of flurorescein isothiocyanate 
25 (FITC) labeled anti CD34 antibody (clone; 

RAM34 antibody) as a final ooncentrationi 

(2) to (4) were added simultaneously. 

30 After Incubation for about thirty minutes on ice, 

oells were washed ajid O.01-O»l mg/ml of streptavldin - 
Texas Red was added. After incubation for about thirty 
minutes on ice, the oells were washed cmd the cell con- 



?. Sep. 2004 23:53 



S. YAMAMOTO OSAKA 



82 - 



NO, 8003 P. 97/149 
TROOl 



CBntratlon of the cell suspension was adjusted to about 
5 X 10° cellB/ml using SM. 

FACS Vantage (Becton Dickinson) was used for 
5 emalysls. Lineage antigen negative cells were selected 
for Texas Red as indicator thereof (Figure 3A) , and 
then KSL cells were selected by developing with Sca-1 
and G-Klt for APC and PE ad indicators thereof (Figures 
3B}« and then less than 10 % of CD negative or CD34 
10 weak negative cells were selected for f*lTC as an Indi- 
cator (Figure 3C) . 

Selected CD34'KSL cells were sorted and used as 
hematopoietic stem cells. 

15 

(Example 3i Human hematopoietic stem cell prepa- 
ration) 

In principle, human hematopoietic stem cells can 
also be prepared using the same protocols as those used 
20 for mloe. Accordingly, hematopoietic stem cells can be 
also separated from the equivalent of antl-<Soa-'l anti^ 
bodies for human as described above. 

I A Example 3, different experimental methods have 
25 been used for demonstrating the utility of the present 
Invention. In human, heterogenous bone marrow trans •» 
plantation system such as NOD/SCID mice, sheep or the 
like have to be used for hematopoietic stem cell assays. 
Human hematopoietic stem cells detected using this 
30 method are considered to be substantially equal to the 
mouse hematopoietic stem cells assayed using the sys- 
tems of homogenous bone marrow transplantation system. 
Thus, suoh a system was used for the demonstration of 
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the present Invention. The following Is another method 
for separation of human hematopoietic stem cells. 

1) After obtaining informed consent, bone marrow 
5 cells or umbilical cord blood, which can be obtained at 

delivery, from adults (from 18 years old to about 30 
years old male and female) were collected in a 
heparinized syringe. The bone marrow solution or the 
umbilical cord blood was diluted three times with PBS. 

10 About 35ml of the cell suspension was overlaid onto 
about I5ml of Ficoll (Lymphoprep, Nycomed; Oslo, Nor- 
way) and centrlfuged for thirty minutes at room tem- 
perature at 4Q0xg to remove exrythrocytes and neutro-^ 
phlls. After centrifugatlon, cells In the boundary aur-^ 

15 face were collected and washed twice with BM and the 
cell number was counted. 

2) Bio tiny lated lineage antibodies (0.0 1'- 0.1 
}xg/ml of anti-CD2, anti-CD7, antl-CD14, anti--CDl6, 

20 anti-CD19, antiCD24, anti<-CD56, anti-CD66b and anti^ 
Glycophorin A antibodies, respectively, as a final don**- 
centration) were added to a cell suspension of about 1 
• 10 X 10^ cell/ml of the cells and the suepension was 
subjected to reaction on ice for thirty minutes. The 

25 suspension was washed twice with SM, and was resus- 
pended in SM. 

3) As in the mouse example, magnetic beads were 
used to remove lineage marker positive cells. After 

30 centrifugation, staining was conducted with 0.01 - 0.1 
|Ag/ml of fluorescein Isothiooyanate (FITC) labeled 
anti-human CD34 antibody (Becon Dickinson) as a final 
concentration, 0.01 - 0.1 ^g/ml of PE labeled anti- 



7. Sep. 2004 23:54 S. YAMAMOTO OSAKA NO. 8003 P. 99/149 

- $4 - TROOl 



Human o-Klt zuitlbody as a £lnal concentration, 0.01 ^ 
0«1 )Ag/ml o£ A?c lal^eled ant±-hiiman CD34 antli>oay 
(Beokton Dickinson) as a final oonoentration^ Further, 
lineage eunitlboflies were again used for rastalnlng. 

5 

4) After Incubation for about thirty minutes on 
Ice, the cells were washed and 0.01-0»1 mg/ml of strep- 
tavldln- Texas Red was added thereto. After the incuba- 
tion for about thirty minutes on ice, the cells were 
10 washed and the cell oonaentratlon of the cell suspen- 
sion was adjusted to 5 x 10^ cells/nil using SH. 

FACS Vantage (Becton Dickinson) was used for 
analysis. Lineage antigen negative and CD negative 

15 fractions were selectively developed with CD34 and C- 
Kit. Human hematopoietic stem cells are mainly concen- 
trated in the CD34-(-KitH- fractions, however. It recently 
became apparent that CD34- fractions also include such 
stem cells as In mouse« Therefore, two kinds, which are 

20 CD34-i-CD38-KL cells and CD34-CD38-KL celld, are sub- 
jected to sorting. 

(Example 4s Effect of WIF-1 on expansion and dif- 
ferentiation of hematopoietic stem cells) 

25 In order to study the effects of a variety of 

proteins on expansion and differentiation of hematopoi- 
etic stem cells, CD34- KSL cells were used as hemato- 
poietic stem cells, and the expansion (capability Of 
cell division as an indicator thereof) and different ia- 

30 tlon (capability of colony formation consisting of ma- 
tured blood cells as an indicator thereof) were studied. 



(1. Method for measuring capabilities of cell di- 
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vision and colony formation of single C034' KSL Cells) 

Round bottom 96 -well plates (Corning Inc., New 
York, USA) were used for culture. 200 of Stem-Pro-34 
SFM (Life Technologies ) containing 5xlO"*M 2-beta- 
5 mercapto etlianol and 2 znM L-glutamine were added to the 
wells. Ad^ed soluble agents were as follows: l.Ong/ml 
WIF-1 (as prepared in Example 1), 100 ng/ml mouse SCF, 
100 ng/ml human TPO, 10 ng/ml mouse lL-3, 100 ng/ml hu- 
man (PeproTeohp London, England), 100 ng/ml human 

10 lL-11 (PeproTeoh, London, England], and 10 ng/ml human 
GCS-F. SCF, TPO, IL-3 and G-CSF were available from 
Kir in Brewery Co. Ltd. (Takaeakl, Japan) « The cells 
. were cultured at 5 % CO2, humidified at 37 "C, Cell num- 
ber per well was monitored until seven days after cul- 

15 ture, and the colony formation was determined on day 
fourteen of culture. 

In the presence of a variety of predetermined 
proteins / single cell culture was conducted for four- 
20 teen days, and cell which underwent at least one cell 
divieion, were used as cell-division positive cells. 
The cells, which underwent a colony formation composed 
of at least 500,000 cells » were used as a colony forma- 
tion cell. 

25 

(2. The effects of recombinant WIP-I proteins 
only on the division and colony formation of CD34'KSL 
cells) 

It was studied whether or not WIF-1 alone induces 
30 cell division and/or colony formation of CD34'KSL cells. 

It was known that SCF induces cell division of 
CD34"KSL cells to some extent but falls to induce colony 
foacmat ion thereof (Ema at al., J. Exp. Med. vol 192. 
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Nisnber 9i Noveniber 6« 2000). Therefore, SCF was used as 
a control, 

AcGordlng to the method described above In 1 . , a 
number of proteins were added to study the effects of 
5 the SCF and WIF-1 on the capability of cell division 
and colony formation o£ a single Cd34'KSL cell. The re- 
sults thereof are shown in Table 1. 
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Table 1. The effects of WIF-1 on the capability of cell 
division and colony formation of the CD34'KSL cell 



Agent ( s } 


Cell Division 


Colony Forma- 
tion 


none 


0/96 


0/96 


SCP 


10/96(10.4*) 


0/96 




0/96 


0/96 


SCP+WIP-1 


23/96(24,0%) 


0/96 



SCFi Stem cell faotor 

5 

Ab shown In Table 1, WIP-1 alone did not divide 
the single CD34"KSL oell Into more than one cell or form 
oolonlea. In combination with the SCF, the WIF-1 sig- 
nificantly increased the ratio of cells In which more 
10 than one oell existed after ooll division (i.e. the ra- 
tio of Goll division). However, even in the presence of 
SCF+WIP-l, no Golony formation has been observed. 

(2. The effects of WIF-1 protein on cell division 
15 and secondary colony formation of CD34'K&L cells in the 
case of combined with another protein) 

In the case where the SCF and PL were combined, 
effects of the WIF-1 protein on the cell division of 
the CD34"KSL cells were studied and it was also studied 
20 whether or not colony, forming cells remain m the di- 
vided cells after fourteen days of culture. In the case 
where a living colony forming cell was observed, it was 
determined to be secondary colony positive. The results 
thereof are shown in Table 2. 
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Tabl6 2. ^liB Effects of WIF-l on cell division and sec- 
ondary colony formation of the CD34*KSL cells In combi- 
nation of the SCF and/or FL 



Agent (s) 


Call Division 


Secondary 
Colony For- 
mation 


SCF 


5/48 (10.4%} 


0/5 


SCF+WIF-X 


8/48 (16.7%) 


5/7 


SCP+PL 


11/48 (22.9%) 


8/9 


SCP+WIP-l+FL 


22/48 (45.8%) 


8/8 



5 SCF : Stem cell factor? FL :Flt-3 Ugand 

The results of Table 2 show that In combination 
with SCF, WIF-1 supports cell division of the CD34'KSL 
cells which are hematopoietic stem cells, and that lm<- 

10 mature cells having colony formation capability In the 
divided cells survived at least fourteen days of cul- 
ture. Accordingly^ It has become apparent that WIF-1 
Induces slight propagation of a hematopoietic stem cell 
in combination with SCF. the slightly divided cells do 

15 have surviving cells, and the surviving colls 3tb not 
induced for differentiation. Further, it has become ap- 
parent that WIF-1 supports the survival of immature 
cells in a more potent manner when used in combination 
. with SCF and FL. 

20 

(Example 5: The effects of WIF-1 for maintaining 
hematopoietic stem cells whioh can regenerate in vivo) 

The Isolated hematopoietic stem cells are regen- 
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erated Into the hematopoletla system by the prolifera- 
tion and differentiation capability thereof. upon trans- 
plantation into the living organism. Therefore, CD34' 
KSL oell as an isolated hematopoietic stem oell was 
5 cultured and it was studied whether or not the cultured 
cells have the capability of renenerating the hemato- 
poietic system in the body after the culture . i.e., 
maintaining hematopoietic stem cells after culture. 
WIP-1 was added to the culture solution, and the direct 
10 effects of WIF"! dn the maintenance of hematopoietic 
stem cells were studied* 

In order to compare and guantitate the capabili- 
ties of propagation and differentiation of the hemato- 
15 poietic stem cells, a competitive repopulatlon assay 
was used and the method thereof is described below. 

(l» Competitive repopulatlng assay) 
When hematopoietic stem cells are transplanted 
into mouse which received a fatal dose of radiation, 
recipient mouse hematopoietic system is reconstructed 
for a long period of time by the capability of self- 
regenoratlon and pluripotency of the hematopoietic stem 
cells. That Is, by studying the long hematopoietic sys- 
tem repopulatlon capability, it is possible to detsr- 
mine the presence or absence of h«natopolatlc stem 
cells in the cells transplanted into the body. The com- 
petitive repopulatlon assay refers to a method for Si- 
multaneously transplanting cells of interest (test 
cells) and a certain amount of bone marrow cells (com- 
petitor cells) into a mouse which has received radia- 
tion. This method enables the recipient mouse to sur- 
vive without the presence of precursor cells required 



20 



25 



30 
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for the survival of the recipient mouse for a shorter 
period of timet or without the presence of hematopoi- 
etic stem cells In the test calls which stem cells are 
required for longer survival of the recipient mouse. 
5 The relative evaluation of the hematopoietic stem cell 
activity In the test cells can also be made. Specifi- 
cally, the following experiments were conducted. 

Ly5 congenlc mouse was used for the competitive 
10 repopulatlon method (D* A. Ogden and H. S. Mlcklem, 
(1976) Transplantation. 22: 287^293;aand E. Harrison 
et alw (1978) J. Exp. Hed. 147s 1526-1531) to evaluate 
the prepared hematopoietic stem cells (H, Ema et al-, 
(2000) Blood. 95! 2284-2288)». In brief, CD34"KSL cells 
15 or CD34 KSL derived oells (B6-Ly5.1} in culture were 
mixed with 2 x 10^ bone marrow competitor cells (B6-P1) 
and cultured for a predermined period of time and 200 
^1 of the cell suspension containing 10 CD34'KSL cells 
were in:}ected into the tall vein of B6-Ly5.2 mouse 
20 which received 9^5 Gy radiation (Figure 5)/ 

After transplantation « the mouse was housed under 
clrdumstanoes of specif lo pathogen-free (SPF) for a 
certain period of time, and the mouse was anesthetized 

25 by ether inhalation and blood was taken from the or- 
bital cavity vein to fill a 100 \il capillary tube (as a 
preliminary, a small volume of 0.1 M BDTA * Naa/HaO was 
taken using the capillary phenomenon). The taken blood 
was transferred to an Eppendorf tube and mixed well and 

30 centrifuged at 2,000 rpra for two seconds to remove the 
blood. 350 \il of distilled water was added thereto and 
left to stand for thirty second at room temperature- 
350 |xl of 2 k PBS was added thereto and after suffi- 



Sep. 2004 23:55 



S. YAMAMOTO OSAKA 



- 91 - 



NO. 8003 P. 106/149 

TROOl 



oient agitation. It oentrlfuged at 2,000 rpm for two 
minutes. The supernatant Including h^olyated erythro- 
cytes was discarded and the blood cell pellet was sus- 
pended In SM and divided Into two portions which were 
5 subjected to centrlfugation « 

The resultant cell pellets were stained using two 
kinds of antibody stains, namely biotinylated 
Ly5,l(A20) antibody and fTic conjugated Ly 5. 2(104) an- 

10 tibody as described in Example 1. The cells were 
stained using PB conjugated B220 antibody, or PE conju- 
gated anti-Mao- 1 antibody, and FE conjugated anti-Gr-l 
antibody or PE conjugated antl-CD4 antibody and P£ con- 
jugated antl-CD8 antibody, as described in Example 1. 

15 The biotinylated antibodies were developed using strep*^ 
tavidin-APC (Pharmingen, San Diego, USA). After incuba- 
tion at 4C for twenty minutes, the cells were washed 
and were resuspended in 200 iil of SM and analyzed using 
FACS. LyB.l and Ly5.2 were used for developing and 

20 ceils derived from the test cells and competitor de- 
rived cells, as well as the remaining cells of the re- 
cipient were detected in a distinguishing manner « Fur'** 
ther, the cells derived from the test cells were stud- 
led with respect to whether these were granulocytes, 

25 macrophages, B lymphocytes, and T lymphocytes. 

The % dhimerism was determined by using the fol- 
lowing formula I 

30 Total chimerlsm (%) = % LyS.l cells x 100 / (LyS.l 
cells +%F1 cells) 

In the present formula, positive mice are defined 
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to be mice in which l % or more ohlmerlsm Is shown in 
all o£ the granulocytes, macrophages, T lymphocytes, 
and B lymphocytes of the blood system; £uid negative 
mice are defined to be mice other then the positive 
5 mice. 

(2. Effects of the WIF-1 on the maintenance of 
hematopoietic stem cells) 

The SOP and wlP-1 ere used to study the malnte- 
10 nance of hematopoietic stem cells using the method de-* 
scribed above In 1. Xhe results are shown in Table 3. 
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TaDle 3i Tbe malntenanoe of hematopoietic stem oells by 

WIF-1 



Agent ( s ) 


Culture 
period 


Period af- 
ter trans- 
plantation 


Number of 
positive 
mice 


% ohlmerlsm 
(number of 
mice) 


First Round 


none 


0 days 


12 weeks 


3/3 


10.1±7.2(3) 


SCF 


5 days 


12 weeks 


0/2 


ND 


SCP+WlF-1 


5 days 


12 weeks 


8/10 


34.3±17.7(8) 


Second Round 


none 


0 day^ 


12 weeks 


7/10 


24.3±16.8(7) 


SCF 


5 days 


12 weeks 


0/10 


ND 


SCP+WIF-1 


5 days 


12 weeks 


4/10 


15.8±15.3(4) 



ND: not detectable 



s ■ 

As sbo\n> m Table 3, WIF-l in combination with 
SCF, have lead to the maintenance of the hematopoietic 
Stan oells during the culture period, which was not ob- 
served when SCF alone was used. 

10 

Next, TPO in combination with SCF (SCF+TPO) was 
compared with the combination of WIF-1 with SCF and TPO 
(SCF+TPO+WlF-1). 



15 



Further, as shown in Table 4, when no HlF-l was 
added but SCF €Uid TPO were added In combination to the 
CD34"KSL cells culture, no reproducible hematopoietic 
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Stem cell maintenance was observed, whereas when WIP-'l 
was combined with SCF and TFO, the maintenance of hema- 
topoietic stem cells was observed In a reproducible and 
highly reliable manner. 

5 

Table 4: The maintenance of hematopoietic stem cells by 
WIP-1 



Agent(s) 


Culture 
period 


Period af- 
ter trans*- 
plantation 


Nismber of 
positive 

mice 


% chlmerlsm 
(number of 
mice) 


First Round 


none 


0 days 


24 weeks 


6/10 


5.6;fe5.2(6) 


SCF+TPO 


3 days 


24 weeks 


3/10 


7e0±6.1(3) 


SCF-f-TPO-l- 
. WlF-1 


3 days 


24 weeks 


6/10 


14.8±11.6(6} 


Second Round 


none 


0 days 


12 weeks 


3/3 


10.1±7.2(3) 


SCP+TPO 


6 days 


12 weeks 


0/10 


ND 


SCP+TPO+ 
WIP-1 


6 days 


12 weeks 


10/10 


1S.O±15.0{10) 



ND s not detectable 



(Example 65 Gene introduction into a stem cell in 
tlxe presence of WIF^l) 

After the separation of CD34-KSL cells from mouse 
bone marrow cells , GPP (Green Fluorescence Protein) was 
introduced to 300 to 600 cells of CD34'KSL cells as a 
marker gene in the presence or absence of the WIP-1, 
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and the resultant cells were transplanted Into five 
mice which received radiation treatment. 

Preparation of retrovirus: 293T aell lines and 
3 the Pac}caglng Cell lines PG13, 293GP and 283 GPg were 
oultured in a DMEM supplemented with 10 * FCS. pGCsa- 
pEGFP (a retrovirus vector provided by Dr. Masafumi 
ONODBRA at Taukuba University) was transfected into 293 
GP cells using the phosphate calcixun method. The cul- 

10 ture supernatant comprising the resultant viral parti- 
cles was collected and Infected into the PG13 cells. 
Further, the culture supernatant of the PG13 cell line 
was used to Infect 293GPg cells (tetracyclin suscept- 
able expression induction systemi tet-off). Culture su-- 

15 pernantant obtained by switching into Tet off was cen- 
trifuged at 6,000 x g for sixteen hours, and the resul- 
tant viral particles were resuspended in Stem- Pro 3 4 se- 
rum-free culture media. 

20 Preparation of lentivirus: pCS-CG-PRE(a SIN vec- 

tor in which a woodchuck posttranscriptional regulatory 
eiemeht was inserted downstream of the GE'P), 
pMDLg/pPRE( packaging construct), pRSV-Rev (Rev- 
eacpressing construct), pMD.G(VSV-G-expressing con- 

25 struct) were available by Dr. Hlroyuki MIYOSHI at Tsu- 
kuba University. These plasmids were transfected into 
the 293T ceil line simultaneously using the calcium 
phosphate method. Culture supernatant was collected and 
ultracentrlfuged to obtain a viral particle concentrate 

30 which was used for infection experiments. 

In the presence of loo ng/ml SCF and 100 ng/ml 
TPO, D34-K5L cells were cultured in the absence of se- 
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rum In 96 -well plates ^loh walls were coated with vi- 
tronectin CTaKaRa) as a control. Further, under the 
same conditions, 1 ng/nl of WIF-1 was added to addl^ 
tional outlurea ( pre- Incubation ) . Retroviral particle 
5 concentrates were added to the culture with 5 pg/ml 
protamine sulfate (Sigma. St. Louis, USA) after 24 
hours of culture. After 48 hours, the resultant culture 
cells were transplanted into mice which had received 
radiation treatment (competitive hematopoietic system 
10 repopulation assay). 

In the presence of 100 ng/ml SCP and 100 ng/ml PL, 
D34-KSL cells were cultured in the absence of serum in 
a 9 6-well plates which wells were coated with vi- 
15 tronectin (TaKaRa) as a control. Further, under th6 
same conditions, i ng/ml of WIP-1 was added to addi- 
tional cultures (pre-inoubatlon) . Lentivlrus particle 
concentrates were added to the culture with 5 ug/ml 
protamine sulfate (Sigma, St. Louis, USA) at the begin- 
20 ning of culture. Within 24 hours, the resultant culture 
cells were transplanted into miaa which had received 
radiation treatment (oompatltive hematopoietic system 
repopulation assay) . 

Repopulation by the cultured oells three months 
post -transplantation and the gene introduction effi- 
ciency into the repopulated blood cells were evaluated. 
As a result, it became apparent that the group which 
received the wlF-1 at the time of viral Infection had a 
significantly higher gene introduction rate th€Ui the 
Others. 

(Example 7j Large scale production of mouse and 



25 



30 
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human WIF-1 recombinant proteins) 

In order to study the eff^eots of WIF**! in vivo. 
It Is necessary to produce a large amount of purified 
protein. Accordingly, cells at ably producing mouse and 
S human WIF-1 recombinant proteins were established. 
Mouse or human CDNA were Inserted Into the pcDNA 3*1 
expression vector (Invltrogen, Gronlngen, The Nether- 
lands) (pcDNA3.1/mWlF-l, pcDNA3 . 1/hWIF-l) . 
pcDNA3.l/mWIF-l and poDNA3 . 1/hWIF-l were transduced 
10 Into CHO cell lines using calcium phosphate method « and 
the cells were cultured using DHEM (Dulbecco's Modified 
Eagle Medium) supplemented with 10 % FCS In the pres- 
ence of 5% CO2 at 37*0. 

15 Thereafter, a drug resistant cell was obtained by 

culturlng In the presence of Zeoeln (Invltrogen, Gron- 
Ingen, The Netherlands), Then a single cell was sorted 
using FACS. Cell lines were thus cloned. Then the 
Western blotting method was used to select clones which 

20 express WIP recombinant proteins highly. 

Clones with high expression were cultured In DMEH 
(DuXbecco's Modified Eagle Medium) supplemented with 
iO% FCS in the presence of 5% CO2 at 37 *C to produce 
25 mous6i and human WIF-l recombinant proteins in a large 
amount . 

(Example 8: The effect Of conservatively substl-* 
tuted variants of WIP-1) 
30 In the sequence set forth In SEQ ID NO: 2, vari- 

ants were made by site directed mutagenesis In which 
the amino acid number 55 Isoleuclne was substituted 
with leucine, the amino acid number 109 leucine was 
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substituted with isoleuclne, the amino aold number 244 
alanine was substituted with valine, the amino aold 
number 271 glutamio aoid was substituted with aspartlc 
acid (SBQ ID Nos: 15, 17, 19 and 21, respectively). In 
5 the site directed mutageneele. the Qulok Change™ kit 
(Stratagene) was used according to the manual of the 
manufacturer* In brief, the following was conducted. 

1. Double- stranded piaemid DNA was heat denatured 
10 and two kinds of primer having mutations In- 

troduced therein were annealed to the same 
base sequence site of the respective comple- 
mentary DNA strands. 

15 2. The Pfu Turbo DNA Polymerase was used to elon- 

gate the primers using the temperature cycling 
method (Cycling numbers 10-16) to synthesize 
circular DNA strands with nicks introduced 
therein having the mutation ♦ 

20 

3* Dpn I was used to degrade the template DNA. 
DMA prepared from an e. aold cell line which 
does not requires dam methylase, has methy- 
lated, and was degraded by Dpn I which is spe- 
25 cifio to methylated and hemlmethylated DNAs 

(5'^G«*ATC-3'). On the other hand; DNA with 
the mutation introduced therein Is not de- 
graded. 

30 4. An E. ooll was transformed with the DNA having 

the nicked mutation. The nick in the plasmld 
having the mutation was recovered in the B- 
ooll. 
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Four variants (the nuol^otlde sequenoes were set 
forth In SSQ ID NOs : 14, 16, 18 and 20) were prepared 
by the above -described method and used for the follow- 
5 Ing experiments. 

(The effect of WlF-1 variants against heznatopoi- 
etic etem cells) 

The experiments were conducted as described in 
10 Examples 4 and 5, and the effects on the propagation 
and differentiation of hematopoietic stem cells and the 
maintance of the hematopoietic stem cells transplanted 
in vivo, were confirmed. 

15 As for the wild- type sequences, in combination 

with SCF^ the WlF-1 variants showed induction of both 
cell division and colony formation of CD34^KSL cells 
which ore hematopoietic stem cells. Accordingly, the 
WlP-1 variants were demonstrated to have induced both 

20 cell proliferation and differentiation of hematopoietic 
stem cells when combined with SCF. Further, the WIP-1 
variants were demonstrated to have augmented the ef- 
fects of PL which is anothep factor to induce both pro- 
liferation and differentiation of hematopoietic stem 

25 cells. 

The WIP-1 variants, when combined with SCF, have 
led to the maintenance of the transplanted hematopoi- 
etic cells, which was not observed in the case where 
30 only SCF is used- 

The above-identified four kinds of variants 
showed this maintenance of hematopoietic stem cells in a 



7. Sep. 2004 23:57 S. YAMAMOTO OSAKA 

- 100 - 



NO. 8003 P. 115/149 

TROOl 



reproducible manner and In a lilgh probability when com- 
bined with SCF and TPO. 

Accordingly, It was demonstrated that the con- 
5 servatlvely substituted variants showed effects at- 
tained by the present Invention in a manner similar 
to the wild-type sequences. 

(Example 9: The importance of domains) 
10 Next, a variant in which the WIF domain was left, 

and the other regions were deleted and a variant in 
Which the EGF-llke repeat was left and the other re- 
gions were deleted, were prepared. Specifically^ a 
variant in which a 6His-Tag was added to the first 
15 amino acid numbers 1 to 176 of SEQ ID NO: 2 (the nu- 
cleotide sequence thereof is shown in SEQ ID NOi 22, 
and the dmlno acid sequence thereof is shown in SEQ ID 
NO I 23), and a variant in which signal sequence (amino 
acid numbers 1 to 24) and the EGF-llke repeat (amino 
20 acid numbers 177 to 379) were fused and a 6His-tag was 
added (the nucleotide sequence thereof is shown in SEQ 
ID NO: 24, and the amino acid sequence thereof is shown 
in SEQ ID NO: 25)^ were prepared in accordance with 
well known technologies. 

25 

(The importance of domains on hematopoietic stem 

cells) 

Experiments were conducted as described in Exam- 
ples 4 and 5 to confirm the effects on propagation and 
30 differentiation of hematopoietic stem cells, and the 
maintenance of hematopoietic stem cells transplanted In 
vivo. 
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As for the wild type eeguences* Izi oomblnation 
with SCF, the WIF-I variants showed Induction of both 
cell division and colony formation of CD34~KSL oolls 
which are hematopoietic stem cells. Accordingly^ the 
5 WIP-1 variants were demonstrated to have induced both 
cell proliferation and differentiation of hematopoietio 
stem cells when combined with SCF. Further, the WlF-1 
variants were demonstrated to have augmented the ef- 
fects of PL which Is another factor to induce both pro- 
10 liferation and differentiation of hematopoietic stem 
cells • 

The WIP-1 variants, when combined with SCF, have 
led to the maintenance of the transplanted hematopoi- 
15 etic ceiXe « which were not observed in the case where 
only SCF is used» 

The above -Identified variants showed the mainte- 
nance of hematopoietic stem cells in a reproducible 
20 manner and in a high probability when combined with SCF 
and TPO. 

The variant having only the WIP domain/ and that 
having only the BGF-like repeat, have been showi to 
25 have reduced effects compared to the wild- type se- 
quences. Accordingly, therefore it is understood that 
both domains should be included in practicing the pre- 
sent invention, 

30 Aooordlngly, it was demonstrated that the con- 

servatively substituted variants showed the effects 
to be attained by the present invention in a similar 
manner to the wild-* type sequences. 
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INDUSTRIAL APPLICABILITY 
The present invention attained the maintenance of 
the plurlpotenoy of stem aalle while maintaining the 
undifferentiated state thereof. This enabled the easy 
provision of stem cells (for example, heraatopoletio 
Stem cells) in a large amount. In addition, the stem 
oell composition of the present invention is homogene- 
nous and Impurities therein are signifioantly reduced. 
Therefore, the present invention is shown to have sig- 
nificantly improved side effects ouch as infection, re- 
jection response and. the like which haven been problem- 
atic in conventional treatments using hematopoietic 
stem cells. Further, it was shown that the present in- 
vention can be applied to effective gene therapies. 
15 Thee© can be recognized to be significant affects. Fur- 
ther, compositions, cells, kite, medicaments and the 
like used for the treatment methods of the present in- 
vention have sufficient industrial applicability. The 
present invention is considered to have sufficient in- 
dustrially applicability and utilities since for exam- 
ple; pharmaceutical industries except for medical doc- 
tors can produce the composition of the present inven- 
tion as an industry. The present invention per «e also 
has induetrial applicability since it is useful for 
clinical trials per sa which are of industrial purpose 
per ge. in addition to medical treatment methods which 
are for pure medical purposes. Further, the indirect 
and direct workings of the methods of the present in- 
vention are considered to have the possibility of use 
in industries in the vicinity of medical industry, 
there is/are suffloient industrial applicability or 
utilities. 
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